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ABSTRACT
The composition and distribution cf minersl elements

in the skin of goet (Capra hircus Linneus) from the Zaria

zone of the Guinea Savannah resicn of ligeria were
investigeted., I'ine physiologicrlly important elements
were detected. The wmean moisture content was found to be
63.47%, the total Ash was 1.71% end the organic matter was
34,82%, of the wet (fresh) weignt of the skin. On dry
weight basds the Ash was 4.68% while the organic matter
was 95.32% . The mineral ash cortzined (C,05 Calcium,
0.15¢ Sodium, 0,09 Potassium, 0.02% Megnesium, 0,02%
Zinec, 0.07¢ Iron, 0.0t % Copper, 0.03%. Nickel and 0,01
Cobalt, There were significart differences ir the
concentration of the elements in the different regions of
the skin, namely:- the neck, the chest, the anterior
shank, the belly, the mammery ares, the posterior shank,
the front butt, the butt, the rack-bone and the tail
regions. Computations shewed thnt zinc was negatively
correlated with copper ard thvc relrtionship was
significant at P < 0.0%. The other icre in the skin were
significantly relrted dircctly “o cach other. The
physiological implicatiocns cf thresec relaticnships and
other findings were discussed. £ digstribution map of the

investigated elements for the goat skin was produced,
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GLOSSARY

'Hides 2nd Skins' are terms used conventionally in
the leather Industry tc distinpguish between the skins
of large and small arinalz, The terr 'Hides' stands
for the skirs of lerge anirmals such £s cow, horse,
hippopotame etc, while the term 'Skins' stands for
the outer covering cof smaller animels such as goats,
sheep, snakes.

'Tanning%i® a word used for describing the processing
of perighable raw hides anc skins by the use of
substances called tarnins, or synthetic chenicals,
into the permanent sxnd imputrescible forn of leather.

'Leather' - this is a general term for hide or skin
with it's original fibrous structure more or less
intact, tanncd to be imputresciblec. The hair or
wool of the skir may not have been removed.

The term 'raw hide' is used in this work to represent
a hide which has only been treated to preserve it
prior to tanning.

The term 'wet skin' is used interchangeebly with the
term 'fresh skin', They describe the freshly flayed
skin beforec they z2rc dried.

'"Grain' - Pattern, characterized by pores and peculiar
to the animal concerned, visible on the outer surface
of a hide or skin after hair or wool has been removed.

'Beam house' as used in the text represents the
entire process of preparing raw hides and skins for
final tannage. These processes are usually carried
out in a2 section of the Tannery referred to as 'Beam
house',

Fecundity' - fertility, ability to reproduce reapidly.



INTRCDUCTIOY

SUBJECT OF STUDY

This study is geared towards estimating and
evaluating the mineral zlemerts (metal ioms) of typical
goat skins from the Morthern Guinea Savannah region of
Nigeria., It is intended te survey the distribution of
physioclogically importart rineral elements in the goatskin
and hence to establish their abundarce in relation to the
area of the skin where these elcments mey readily be
found. The physiclogical status of the skins may then

be evaluated in terms of their minerazl ion content.

JUSTIFICATION

Generaelly, data on the mineral element composition
of goats are very scenty and non-existent for the skin of
Nigerian goats. Hides and sgking which form part of the
diet of many Nigerians (see plste X1I ) have been classed
as being of no rezl rutritional value sirce, it is argued,
the skin proteins - mainly collagen, elagtin and keratin
(from the hair) - @re not rcally availeble to man through
the normal digestive rocesscs. If the above statement
is valid, ther tlic edible portion of the skin needs to be
analysed for eny cther conetituents thet way have some

nutritional value., Perticularl; the mineral elements.

Hices and skirs 2re the raw materials for the
Ieather Industry. 1f the food value of thesec materials,
‘even in terms of mineral element content, can be proved
to be unimportant, thcn the Lecther Industrialist would
have scored a point in his canpaign against the use of
hides ard skins for food.



In leather Science it is !mown that the quality
of any &ivenleather depends partly on the properties of
the raw skin and partly on the mocess of menufacture.
O’Flaherty, et al, (1956) corfirmed this fact by stating
thet 2 recognition of the existence, nature, and
significance c¢f the properties cf the raw stock is of
great importance in e secientiiically controlled tannery
process. It is known,toc,that metal icng, eg., Copper ionms.,
interact with collagen to jroduce changes in the chemical
and physical properties of collagen which constitutes the
major component o1 hides, skins or leathers. (Rucker, et

al, 1969).

Since the mirnerzl elcments are structural as well
as physiological feetures of the hides and skins, any
investigation of the gquality of thesc raw materials of
the leather Industry must of necessity include studies on
the minerals. Hence thie study is concerned with the
composition ard distribution of rirneral elements in the

skin of the Nigericn soat, Copra hircus (Linneus).

HISTCRY (Ol THi PROBLEM

Generally, it has becowc vwidely accepted in the
Leather Industry that the skins of & breed of goats from
the Sudan zone of liorthern ligeria (Sokoto area,namely)
yields high quality leathers on tannage (Devendre and
Burns, 1970). 1It's Leather ie to be preferred to
leathers made from skins of goats from other regions of
Nigeria. This breed of goats iz morphologically
gimilar, in all respectes, to the gosts of the Guinea
Savannah region (Plates I and JI) except thet the



3
hair and skin colour is of & deepcr red than that of the

goat of the Guinea Savannah whosc colour is usually light
or dark brown., As 2 sign of their fame the Sockoto goats
are simply referrea to as "Gckoto reds". Tanners normally
pay higher prices for the Jokcto red goet sking than for

the skirns of goats ¢i other breeds in Nigeria.

The quality of leathoer, howcver, is judged on its
suitability for the purvese for which it was mde, Thus,
leather produced for the manufacture of shoe scles, for
instance, must have high tensilc strenth and resilience
in order to resgist tear and wear. Therefore the guality
of the constituert proteins of the raw material becomes

important,

From the findirgs of Rucker, ¢t 21, (1969) that
copper ions form cross-linkages with collagen fibres and
that such crose-links make for increased tensile strength
in the entire net-work of the fibres, it is logical to
infer that a tissue made up largely cf collagen, such as
the skin, will have low tensile strength when devoid of
copper ions and a higher tensile strength when these ions
are present. Thus, leather (roduced from a copper-
deficient skin for the marnufacturc of shoe soles will
certainly be inferior to one jpreparcd from 2 non-copper
deficient skin for the same purpose. It does not seen,
however, that the quality cortrcl expert in the Leather
Industry has seriously ccnsidered the possibility that
the quantity and digtributior of mineral elements in the
skin may have some profound cffects on the quality of the
finished leather,
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In Nigeria, apart from their usc for the manufacture

of leathcr, goet skins arc used for foed, They are either
eaten together with the flesh pert of the snimel as in most
Southern Strtes after the heir has bcen removed, or the animal
is flayed and the skin rair buirmt off over a flame (plates VIII
and IX) srd skin cockad, Thc dc-haired skins are highly
commerciszliged locelly, Thoey arc cut up into large chunks and
gold in small hcaps (Pletces IX anc XI). Thus, the Leather
Industry loscs a good portior of it's row material through
competition, to buyers who use it for food and who are willing

to pay more for each skin (plrtcs X end XII).

Trade in skine is an importent source of income and
foreign exchanpge., large Tanncerics heve sprung up in different
parts of the country to handle the bulk of the animal skins
collectced from the net-work of abattoirs and local slaughter
houses, The Iez2ther Industrialist hos mounted campaigns to
discourage the use of gling for food, insisting that it's
mtritional value is very low and thereforc westeful to consume
it 28 food. Nothing, however, g5 mentioned about skins as
possible sources of wircral elermirts which are so much needed

by man and¢ other animals fTor rropcr growth and health.

Minersl elenerts play a vitel role in the general
physiology of the animal. They heve becen detected in
measurable quantitics by varicus woerkers in the sheep, rat,
cattle z2né pig skins (Roday, ¢t 21, 194(; leutsker, et el,
1946; Dick, A.T. 1954), Alesken iocose hair (Flynn, et al,
1973), dog, mouse, guinez pig sking, ¢tc. In most of these
works very little is mentiorncd ~bout goat gkins. Furthermore

no date are sveilablce on the minerel composition of the skins




of pgoats from the Guinen Sovennoah region of Nigeriw. It's

nutrition~l value had not bten determined, .

STATEMINT CF THE RBJZARCH 2RCALEM

Ir this study attermpte will be made to 3~ |
1e detormire if suck phreiologically impartan%.mineral
elements ns ¢nleium, Sodiur, Yotassium, Magnesiuvm, Iron,
Zinc, Copper, Fickel arnd CJobald, are present in the skin

of a typical Higerian gont;

2 neasure the quentity of each ¢lement present in

relation to the sren of the sliip where such element is

found; '

%« . wreoduce a uinagral elorent map of the goat sking
and

4. evaluate the Nigeris Guinea Savannah goatskin as

a gource of mineral c¢lcemients,

RESTARCH MLTHUD

A comparative and exploratory approach will be
employed in this study. The hair of the skin will be
regarded as an integral pert of the skin since, in practice,
it is not possible to remove the hair completely from its
root without changing, either by addition or subtravtion
of substances, by deformntion or damage, the basic
angtomiecal and chemical structure of the gkin proper,
The mineral composition of the skin will be determined from
the ashed skin by cnploying stendard chemical, analytical
methods. The data obtained will be subjected to

statistical analyses at the computer centre. The
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bPhysiological implications of the results will then be

discussed in relation to the economic importance of the

goat skin,

The (;ont8 used irn the rescerch wWork were randonly
selected from a collection of these aniwals assembled
from different loeel governnment areas of the 0ld Zaria
province of Eaduna Statc, in 4he Lorthern Guinca
Savamah zenc of IMperis (fig. 4)e The animals were of
varying heights, weights, ages, colour and maturity but
all had healthy skins with ne Vigible brands or narks.

Their colour was the normal light to dark brown. }

DATA COLLIGTION | |

The age, sex, body size (in terms of weight and
length) of the livcanimsls will be determined, The fresgh
whele skin will algso be weighed .. The concentrations of
mineral elements in the individual whole skin will be
determined. Correlation tables will be drawn up and
correlation cosfficients for different pairs of
raraneters (paired data) obtoired. Rguations linking the

different pairs oi dote will be derived, - i

.The use of bioclogical fenturcs of cach sxperimental
animal will be employed in characterizing the snimals and
hence determining the anecies. The gizve, in ternms of
weight and length will be measured using scales and
measuring tape (for weight snd length respectively).

;
Jolutions of tihe agh of sach skin sample will be
prepared ard caliberated instruments used in determining

the mineral ion content. A1l irgtruncnts and technigues



that will be employed in the dates cellection will be
those that hove beon succes:fully used for sirmilar
experimental enzlysie erl recovernded by the Associstion
of Avalyticel Cheumiste in "Officiel Methos of Analysis™
(a.Of&fG. 1970) and rlsc recommended by the society fof
Analytical Cheristry in ®Cfficial, Standardized and

Recommended Hethods of Analyzis (8,4.C. 1973).



PLATE 111, The dwari ~lack goat of Southern Nigeria
meting & G.inea Savannsh brown goat.

PIATE IV. 7The gosty (brown) and ehe>y [white) here
faed from “he mubdbbizk koapes.



PLATE I. Typlcal Guineca Sevannah goats. A hormed
ranry-goat with two kice. The brown colour
is typical of the Jortzern viazea Sevannah
goats wricu nrt aroe &8 the lLanc drownae,

PLATB 1. Collection of goa*s from diferent local
goverument are2s in Zaria. Cut of a total
of pixty-esven goats orly tvwo were black,
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7 A5 O’ e 2 {1
o~ b :.)Z.r’ R s X - [
PLATE V. Feedlig Trcr a rubbish heap. A wide range
of meteriale constitute food materials for
—

PLATE VI. &e Cuinga Sayannan pasture la.nds.i}a.ttlo,
1ea2p Bnd goats easi.y move among 1Lne
her-e srd shrmabs to forage for food,



Cpen

PIATE VII.

Sevennah woodland with tu
&rasses, shrubs and trees,
&nd farming have reduced this vagt area
°f land into it's preésent form,

s8ocky
Bush fires

PI“TB vIII. :)'.kj']ﬂ T@&LNY ro

&re complete) s

sted ovor fire. "he hair
turnt ery Charred surface
is 8CTrapred off with

i d

thne knite esge.,
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PIATE IX. Chunks of roeat Skins iu Leaps for sale.

PIATE X. Seriove busipes

this whole grer

. *

in roast skins done 1n-
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PIATE XI.

Commercializ:ng skins., Iu tlie Northern
parte of the country these helf roessted
aking sre nzed for préparing special meat
aold ready Tcr eating.,

PIATE XII,

-

Skins Tor Loms consumption, This Nigerian

housevwife

repares the freshly fleyed skins
for her soup pot, A1 keen competitor for

the leather raw meterial.



Punches vare made in (e {sn goat skins
used at procisely the positions indicated

by the bheles,

PIATB XIV. Driec geal skia (graia or hair sile),

Acgions “ron which sauy.cce Were panched

P -_- -4 - -
ares c.9our.y ELCOYDN.
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. . . vag used for
D TR YV s £
Fasis » the goat

| T

> S—— - 4 A . W ad a4 mad e t YAy
p m f Hangen 2% ‘,.‘--.] ‘ L Natrumen .
PILATR “XVI, - o P . roats used for
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CHAP TER > TWO

LITER{TURE REVIEW
THE SKIN
DEFINITION
The Dictionary of life Scivnces (Mortin ed, 16 76)
defines the skin as "Mthe loyer of epithelial cells,
connective tissue, and aésocjeted structurceg that covers
almost the entire body surfucoe of vcptebr&tcs". The slkin
is snid to consigt of twe layers, namely:-— (i) the
Eﬁidermis which ig an outer 1lnyer ¢f cpithelial cells

derived from ectoderm, and (ii) thc dermis (or Corium),

which underlics the epidermis. 'This dermis is made up of
connective tissue doerived from mescdern, Loose
subeuteneous tissuc attnches the skin to the bedy crgans

and allows it %o move ersily over the underlying Structures.

According to the VWebsters Few Internaticonal Dictionary :

{(Meriam Webster, 1950)

the g8kin ig the intergument of

an animal, separated from the body and may or may not

have hair.

STRUCTURE

4. The anatomy of the skin asg sevn in transverse
gection (fig. 1) reveals thet the skin is rade up of
three distinet layers, namely:- on cuter layer called the
EVIDIRMIS, = nmiddle layer called the DERMIS (Ot CORIUM)
and an inner léyer cailed the HYTCODIRMIS (zome times

referred to as the FLESH layer).

(1) The Bpidernis. This loyer is divided up into

an imer layer, called the Malpighian layer, which

consists of wiable cells, and on ocuter leyer ¢f horny
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cells all cemented tegethoer in friction oreas.,

In the friction arces, such a2 the soles of the limbs,
where the cpidernis is very thick, therc ic o hyalin
layer lying between the rrlpighien erd horny laycers.
This hylin leycr is ¢i vorieblc thickness and remains
mostly unstained in histolcogicnl preparaticns (Montagne
and Parakkal - 1974). Conventicnelly, the malpighian
layer is sub-divided irtc (a) on inncrrost basal layer
one cell deecp (enllcd the "stretun basale™ or "stratun
gernminativun®) in contoet with the dernis; (b) e prickle
or spincus daycr of varicble thickness nbove it (called
the stratum spinesur) asnd (¢) o gramlsr layer (celled
the stretum gramulosun) which contrins veriously sized
keratohyalin gramules throt ore cepgily staineble with
basic dyes (Montogna nand Yorakkel - 1974),. .

(ii) The Dermis (Coriun) - This porticn consists basically
of = matriz of lorse conrcctive tissuc conposed of the
fibrous protcins ccllagen, elnstin ond reticulin

embedded in nrn arorphouc ground substerce, referred to as
ground retrix in fig. 1. The netrix is traversed by blood
vessels, nerves, ly nphatics and & network of fibres.

The e¢pidermml appendrges : ecerince sweat glonds, apocerine
glands ond the piloscbeecccus units are also enbedded in
the grournd matrix. The hedir root which gives rise to the
hair cf the skin is alsc cmbedded in the retrix

(Montagna and Iarskkal - 1974).

The dernal motrix cortairs fow cells which are
predoninantly fibroblests. These fibroblasts have the

potential tc produce reost, if not =211, of the components
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Fig. 1. Transverse sectien of goet~bkin-(Adapted. Vines
and Rees, 1968) __
1. Hypedermis, 2. Permis, 3, Epldermis, 4, Elastic
tissue, 5. sweat duct, 6. Sweat pore, f. Ferve ending
8¢ Hair fellicle,,K 9,.Hxir shaft, 10, Stratum corneum
11. Stratum lucidum. 12. Stratum granulosum,
13..Btrdatun spinosum, 14, stratum germinativum,
15. Tactile nerve ending, 16. EBrrector muscle,
17« Sebaceous gland, 18, Dermal papilla,
19, Capillary net-work, 20, Blood vessel,
21. Sudoriparous gland, 22, Collagen fibre bundle,
254 Ground matrix, 24. Fat cell,
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of the extracellulsr rmotrix,. Mast cells arc sbund art.,.

Other cells present rrc hysticevtus or macrophages, -
melanccytes and loucceytun (lientegna and karaskkel, 1974).
The ground substance itgelf is = gel ar scl which does not
leak cut of the derwis even under cressure., 1t is normelly
irmperncable te micro-orgenis:s ond tce injected dyes, 1t
appears to be & mmlticcnponert gysten of -

1. substances derived from the blood such ag water,
inorgenic ions, blcod sugnrs, btlcod proteins and urea,

2. metabolldic products ¢f parenchymel cells, and 3,
metaballic products of conncctive tissue cells: the

soluble prccursors of the fibrous proteins and
proteoglycans, glyccprcteins nnd ceomplexes forned from

these (Dorfrman, 195%).

(iii) The hypedermie (or flesh loyer), as shown in fig.l,
is composcd meirly of feot cclla thet ney be several layers
thick depending or the speeieg of anpiral, it's state cof

heelth, food intrke , 2rd part of the skin.

B, Structurel Charccteristics of the goot skin.

The structurc of the skin deserited above and
illustrated in fig. 1 is a gencralized one describing
the mammnlian skkin and is based on the hisgtological
findings of carly workers whe used huren sgking mainly for
their study. MNMurerous histclogicenl illustraticns of
othcr aniresl gking from the werk of different workerg now
exist; some of thesc for esttle, sheep, poat, horse,
elephant, may be feund in rienographs of "Indian skins and
hides" prepered by the Central Leether Regearch Institute
of Indie (Fayudama (ed.,) 1903).
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Adapted from diagram in naian Hides & Sking" p.
(Adapted T di in "Incdi Hid & Sking" 5

FIG,2 Structural layers of the Goat skin., The
approximate percentage of the different lavers are
shown :-

4 -  Bpidermis B - Hyaline layer
c - Grain Membrare I - Grzin layer
E - Coriun F -~ Hypodermis (Flesh layer)

In the Goat skin the layers A,B,C, ard L together hawve been

referred to as the e¢pidermis and B 28 the corium. The

Bpidermis anéd corium are nearly eqgqual in thickness in the

Goat skin,

* The Upper and lover fifgures are for hides and skins
respectively.
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Roddy (1956) in "Hist.lcgy of fnimel Skins" writes
that the fresh goat skin hzs o structure which is
c8imilar in somne respects t¢ calf skin and in other
regpects tc¢ sheep skin but the total structurce is typical
in qharacter. The hair side of the goat skin shows both
lerge and fine hair, the latter rescenbling the wool of
sheep., sccording to hir, the ¢il glands are lerge and
mny lcbed ae irn sheep skin while in cross scecticn the
goat is similar in structure to celf skin, having the
egpidernis and coriun s making up equal halves of the
totel dopth of the skin. This fact ig indiceted in

fig. 2.

The collagenous fibre bundles in the coriumn and
epidermal ucrens of the geat skin sre very fine. Those
in the coriun intertwine at a loew arngle of weave while in
the cnlf skin they intertwing et = high ongle ‘of weave,

»

The bundles gerorelly ~cgenble those of gheep skin but
are nore cumpactly intortwincd. Burns {(1965) supplies
more inferreticn on tihs histdlugy of the geat skin,
particularly the Guinesc savernsh geat skins of lorthern
Wigeria., S8he writcs that the over hairs vary in length -
and coarserness, but thot within = fairly narrow range.
The undercont of ths gont skin consgists of minute,
straight hairicts that src »ofb readily visible to the naked
8V Ce - The gmalleet hairlets have very little
pigment while the cverhairs hrve most pigrertation.

Her invegtigetions reveclced thit hedr sarples of goots
from the Guines Savannah regicns had lengths cf over

three centirmetres in the bock-beone and tail regions amd
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a mean hair density of 238.8 hair/cmz. The secondary

follicles in all breeds of goats whose skin histology she
studied were very small and, according to hey, many did
not penetrate to the sebacecus gland level of the primary
follicles,

BIOLOGICAL FUNCTICNS

| &, The Dermis
(1) Protection.:- The dernis is uniqﬁely construected to
regist tearing, shearing, and localized pressure but is
also flexible enough to allow the movement cf the joints
ard local stretch, thus effording the body protection
from external injury. It is mainly the collagen which is
arranged in a loose Fibrous net-work that provides
resistance to mechanical stress. The ground substance in
it#*s meshes provides resistance to compression and bulk
flow., The elagtic fibres are thought to restore the
morphology of the collagen net-work after deformation
but the function of the reticulum is unknown (Montagna
and Parakkal, 1974), |

(ii). Barrier to jnfection :~ The hyluronic acid
pregent in the ground matrix acts as a2 berrier to nosgt

bacteria (Winsor and Burch, 1944).

(1ii). Water binding :— The hyalurcnic acid also

binds water end maintains dermal tugor in the tlesues.

(iv). Ilon exchange :— The corium may be described as
a cation "gihk" and, sccording to Lockwcod (1966), the
concentrationa of the cations here are significantly

higher than those in the blood._ Such a regervoir may
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provide iong for the maintennance of proper levels of
blood cation thus serving a homeostatic function and may
as well serve in supplying mineral ﬁétabolism in genersl

(Montagne and Parakkal, 1974)-.

b, The Lpidermis

By outwardly directed divisions during cell
ddfferentiation, the epidermnl cells become constituents
of the horny layer which shields the animal against
damage from the enviromment and maintainsg the "internal
milieu”, Winsor snd Burch, (1944) have stated that any
form of mechanical or chemical alteration in this layer
(the horny layer) will impair it's "barrier" function and
will manke the skin permeable to water and soluble

substances,

Montagna and Parakkal (1974) write that the mejor
functions of the stratum corneum are associated with
it's low permeability properties adducing thet it noil
only effectively retards wetcr lusse from the inner

hydrated layers but alsc prevents the entrance of nost

toxic agents.

Generally then, it can be seid that the epidermis
of the skin serves protective, limiting and aesthetic
functions., The pigments of the skin are found in the
epidermig and the colour so imparted to the sgkin and it's
hairs by reason of the pigments may serve a protective
function in terms o{ camouflage. The ccolours usually

give the animal an aegthetic appeeal.



24

Fig. 3. Flayed goat skin.

N = Neck, C= Chest, Fp = Front Butt,
AS = Anterior shank, 8L = Belly,p = Butt,

M = Mammary erea, BB = Back-bone,ps= Posterior
shank, T = Tail
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¢. The Hypodernis

The hypodermis functions meinly as a fat

reservoir serving an insulating and storage function,

2.1.4 SKINS £8S RAW M/ TERIALS FOR LELTHER MANUF4CTURE
Hides and skins, waich are the basic raw

material for leather menufacture, usually take on
the typical shepe shown in fig. 3 when spread out,
after flaying (sec also plates XIII and XIV). Frem
his work Tancous (1955) showed conclusively that,
in terms of chemical and structural composition,
hides and skins are bilaterally symmetrical though
the composition varies from one regicn cof each half

to another region of the same half,

Often, to prevent cr minimize putrefaction of
the hides and skins before processing into leather,
the raw stock is sal$-cured cr air-dried before
storage. The salt is normally removed to a large
extent by soeking in water before processing into
leather. Tancous (1955) showed that there are
gignificant variaticns in the moisture, ash and
nitrogen content of the hides and sking due to
position within any given side (or one-half of the
hide or skin), He also showed that one third of
the cured hide is collagen hide substance. The
collagen is mainly presgent in the dermis (or
coriun) and therefore the ccrium beconecs the most
inmportant part of the hide or skin in leather

mamifacture.
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The hypodermis (or flesh layer) is always .
renoved before procegsing into leather ag it is
undesirable vecause the tamnins and other chemicals
used in processing thoe ckineg commct easily penctrate
the fat layer ¢of the hyrofernis which therefore
becomeg sublcct to idicrobial attaek with coﬁcomitant
putrefaction., The process of re.cving the flesh
layer ig called defleshing anc this is dons by
manal manipulation or mechanieal operation of a
bean knife over the flesh surface of the =skin,
The epidermis, together with the hedir, is also
generally remnoved except in those cases where the
hair are needed in the finished leather. The
procegs of removing the epidermis is called
"Unhairing! and tris is acconplished by a step-wise
process ¢f vashing (of the rew skin to remeve salt
and filth), soaking ir lire liquors or painting with
a lime sulphide paste ond finally scraping with the
bean knife. What is now luft of the raw skin is
the dernis (or coriun proper) with it's tangle of
fibrous and non~fibroue proteins enbedded in the

ground matrix (fig. 1).

Hideg and skins are converted into leather by
a tanning process which involves removal (de-lining)
of the lime used during the process of unhairing
(which liming process swells the entire skin to
several tirmes it's original size) with such
chemicals as armonium chloride or lactic zcid;

treatment with enzymes tc give the trested skin a
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gnoother, 'silky and slippery grain; porous and
flaceid with o "fallen™ loeok., The treatrent with
enzyres 1s called bating. After bating, the skin ig
further pickled with selt and acid soclutions, usually
godiur: chloride and sulphuric scid, tc bring dewn
the pH of th. skin internal environrent to scid pH
value before inpregnaticn with ineral ions (ealled
rineral tannage). The tanuing process ray also be
accorplished usging vegetable tannins.. The tanned
gkin is now called leether., This leather norrally
undergoes further processes of degreasing, buffing
and ther spraying with leather dyes to give what is

known ag'finished Lesther'.

The fate of skin Cerpenents during the Irccess

of Ieather Manufacture S

During lining, sapcnification cf skin fats
occurs so thot lire sompe are forrmed. Much of the
phosphelipids nre rencoved acccrding to Mcdlaughlin
(1928). Wcud (1914) stated that onc of the useful
actions of liming is the dissclving of interfibrillar
substance, with the consequent separaticn of the
fibre bundles into their finer congtitucent fibrils
so0 that these are enabled to tazke active part in the
tanning process gince the tanning process is largely
the inpregnation of the collagen (called hide
substance) with metal icns or vegeteble tennins.
Thus, liring purifies the collagen and loosens the

“ e wol T e T
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elastic, ruscular and reticular tissues cf the

grain layer and hair,

The bating process, according to Wilson(1928)
hydrolises degraded keratinocus matter, helping to
elininiate then fron the skin. In addition several
other workers have steted that hair rocts, fine
hairs, pigments, sebaceocus end sweat glands,
decompcesed cellular debris and degradation preoducts

of skin fibres zre remnoved during bating and liming,

The tanring process, which is the major
process in leather mpapufacture, impregnates the
collagen fibres with mineral dions (in case of
mineral tannage) cor brings about a chemicael change
in the gelatin constituent protein by interaction
with the tannic acid of vegeteble tannins (in came
of vegetable tammaze) sco that the overall effect
of tammage on hides and skins is thet they are
rendered imputriscible, plyable, supple, tough,
wear resisting and usable for the manufacture of

leather goocds (Lollar, R.M., 1958).
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THE GC ;. T

The gont eccerdin~ te the clagsification of

Simpsor (1945) is classified ng shown below :-

KINGLOM
SUB-KINGDOM

THYLUM
SUB~-YHYLUHM
SUZER ~CL..33
CLLSS
SUB-CL.ASS

INFRA-CLASS
COHORT

SUYER -ORDIR
ORDER
SUB-CRD =R
INFR.-ORDZER
FAMILY
GBNUS
STECIBS

Inimalia
Mctazoa
Chordata
Craniata
Gnathogtcmata
Memmalia
Theria
Butheria
Ferungulata
raraxcnia
srtiocdectyla
Ruminantie
Teccra
Bovidae
Copra
hircus

Bllerman and Morison-Scott (1951) in "Chegklist of
Palaeerctic and lpdian mirrala™ divided the

genmus Capra into the fellowing species, namely :-

1. Capra hircug, the true geat, including the

2. Capra ibex,

bezoar (Capre hircus aegagrus)

the ibexes

3. Capra gaucagica,typificd by the Caucasian tur

44 Capra pyrenaica, the spanigh ibex
5 Capra falccneri, the markhor
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These, acccrding to themyare the possible wild

ancestorsg of the demestic foat.

The ﬁcméstic gust.wﬁth whiéh tﬂis studf.is
concerned, is rade up of such 2 wide variety
resulting from croussing breeds and such influences
ag climatie, cenvironmerntzl and human factora. &8
such it becomes Gifficult to group them into

atrains.

iLccording to Devendrs =2nd Burns (1970) in

their bock "Goat producticr in the Tropics" at
least four different metheds of classifying the
domestic goat have besn used, namely: S
(i} Origin {(webster and Wilsocon, 1966)
(ii) Bocy gize (Hpstein, 1953%; Magon 1951)

(iii) Bar shape and lergth (Mason and Naule , 1950)
(iv) TFunection (Williamson and Peyne, 1965)
Bach method hag it's rerits and demerits. The
origin cf a great wejority of the different breeds
cannot be traced. The body size may'depend on the
stote of health of the snimal and the nutrient
material available t¢ it. The e¢ar shape (lop or
prick) and length, according to Devendra and
Burns have been apiplied successfully by Mason ond
Mavule (1960) in classifyins geats from Bast and
South Africe, while Mascn (1951} arbitrarily
divided those of West /[frica in terms of body
gize. Llevendra and Burns applied a descriptive

method agsociating each breed of geats with
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the very lccality where i1t is found, and in this
study the same methed is {cllowed, hence the
epplicaticon ¢f the terr "Horthern Guinea Savannah
Goats of Nigeria" to describe the breed of Capra
hircus (Lirneus) thet hos beer used in this study
(see plate I_) L

Beatorn (1939) divides Kigerian.goatsuiﬁto
gecgraphical colour verieties such as Scketo red,
Rano brewn, (Flate II), Birnu white, Damogaran
dapple grey, in additicn to the dwarf black .
(Plate Iil) of the South. According to Gates (1960),
these goats afe'df all sizes but larger than the
dwarf black. Mascon (1951) places the West Lfrican
goats inte threc groups, nanely -
1a the SAHIL long —~ legred goete with short fine

coat weighing between 25 and 35 kg bhetween 70

and 85 cm tell o
e The BUECTD {(intermedinte) with hishly priced

skin and heving a weight range of between

20 - 25 kg and an rverage height «f 63cm,

Thege, with seversl c¢ther varieties are

intermedinte in size between the Sahel gocts

and the Fouta Djallien dwer?

3,  The FCUT. DJALION dwarf goats (Plate 111) of
Southern parts cf ¥West Africa which are
betweer 4C and 5Cca in height and about 186 to

20 kg in weight. .



2.2.2

32

Huir distribution on the Goat Skin

Work done in the Leather Reseorch Institute of
India in Madrag on zoat skins and published in
"Indien Hides and Skins - [/ Monograph (Mayudama
1963) shows that on the aversge the Butt region of
the skin oontaing the grentest number of hairs per
square inch followed closely by the back-bone
whoge heir and those found in the Teil region are
the longest in all species of goats that are not
bearded,. In the male geats however the beard is
usually the longesk in those species that are bearded.

Published figures of hair numbere are as shown below:—

| NECK  BACK-BONZ  FUTD  BELLY
7,500 9,000 3,500 6,000

These figures represent averagce hair numbers per
square inch of gkin surface, The Belly represents
what 1s normally divided up as maupmsry area, chest

and Belly proper. The Dutt includes the front Butt.

- The back-hone of th:a skir extends to the base of the

tail
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2+¢2¢3 Distribution end Peudirg habits,

In Vigzrir, fimres oPtrired from the PFeceral
of fice of strtistics in 1077 ar puklishecd in an ILCA
Monograph 2 srows thet cste ~»re rore nurmercus than
either sheep or eattle, Firurcs incieste that goets
at that time were wwver 27, 146,000; shcep were over
18,099,00C ari. cottle were cver 8,235,000 in numbers,
In some perts of the conntry however, gonts mey be
slightly fewecr in nurbers then sheep ns may be glimpsed
from a recent livestccd porulation count undertaken in
Gongela State of Nigeria in Cctober, 1¢52, and
published by the New ligcrian (1¢82) Newspeper as

shown in Teble 2.1.

The nunmber and distribution of goats, like any
other Comestic animnls, depend on (1) human factors
such 2s man's nec.. for thc: to sclve sonc of his
donestic problens; (2) Matur:tl fretors such as its
fecundity (roprofuctive onpreity) and ability to adapt
to new environucrte, (3) Aveilsbility of nutrient
materials (4) Geographicnl fnctors such ns climate,
vegctation, scil type and topography, ctc. (5)

Bpidemiology of the place, cte,

According to the rccurt studice urdertaken by the
F.A.C. (Food nn. .gricultural Crganization of the
United Nations) on "The trymomotolerant Livestock of
West and Centrzl Africa", the dwarf varicty of the

domestic goat - Capra hircus (Linncus)



- . . 34
which are trypenceondiasis tolerert are found
mainly in the Rainforest ana derived Savannah zones
of Southern Nigeria., T report snlsc shows that
thefe is n¢ deubt sthat gontes ivn the very humid areas
of Sovthern Iigerie tond 40 be stnller than those

in the drisr Ssvernah crcag further north,.

Goats ranging ir cclour from cdecp red of the
Sokoto (red goat) type to brown of ¥anc goat type
are found ir large numkers in the arvas assoclated
with their narmes in the Savannsh snd Sudan zoneg.
Largze numbers of these goate =re found in the
Sudan Zones of Sokoetoe, the Sahel rcegicns of Bornu,
the 8avennsh regicne of Fanc, Zaria and Gongola,

the plateau of dos (Beatcn, 1937).

The Ffecding hebitse of gosts have been
deseribed by sone authers @8 degtructive. lMaher
(1943) says that the gent is the nmajor cause of
deforegtation and scil srosion while Wilson (1957)
argues that the goat helps in controlling bush
encroachnent, especicnll: in perts of Africa where
cattle would be hampered by tsc=tse flies. Maher
(1954) writes that with their mobile upper lips and

prehensile tongues gosts can graze on very short

‘grags ond browge on fcliage normally eaten by
other domestic livestcck. They feed on
materials ranging from herbage and tree-bark to

gking and cloth as may be scen fronm plates IV and V.
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T.3Ls 2.1

Livestock population court in Govgols State of ligeria (1982)

fLiveetock Fumber
Cattle 24251 ,C96
Sheep 1,895,988
Geats 1,704,566
Fige 373,468
Donkeys 29,949
Horses 15,807
Poultry 2,426,486




(a) Vegctation: Fig., 4 Uuelow shows the vegetation
zenes cf Nisexia; and the type of vegetation in an
arer, tc ¢ lorge cxtenyy,dcterrnines the type cf
anirals thrt may be fcund in it. The southern
recions ere heavily foreasted with dense vegetation
¢l tall trecs and thick tengle of ferest plants so
that, together with the tse-tse fly infestetion
often ascociated with such arcas (F.l.0. 1965 -
1980) it ig difficult tc¢ keep large ferm holdings
of livesuock. The sparscr the vegetetion the more
easily livcestock can be ioved from one place to the
other to ferange for ficd., Thus, the sevennah zones

readily cone inte vicw -z pesture lund (plate VI).

From fig. 4 it ic clearly seen that there

ere three major types ¢f vegcetation recognisable in
Nigeria, namcly :- (i) the SW.AMP forest of the Coast
belt, the high foregts of the hunid South and the
gavennahs of the sub-humid MMiddle Belt and North
(Buchanan end Fugh, 1955). Over much of the middle
Belt and the lorth, the dry season is severe and
protractced, enrual rairnfall tcetals drop below 45
inches and forest is replccced by gavannah as the

climax v.setaticrn, tut cver loarge wreas vegetation
has been degroded by Tire cud ferming into open
sevanneh woocland (plate VII) with tussocky grasses
5 = 10 feet high and short beled, broad - leaved

trees upr to 50 feet in height. In the horthern
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- Guinee Savennah zone, usually 28 & result of |
cultivetion arnd grezing, the vezetaticr is. relatively
open, and grass is dorninant (plate VI), though
shorter than in the Scuthern Guines Savannah zone

(Buchanan and Tugh, 1955).

(b) Soil tyre :~ FNigorin covers & totzl land aree
of 931,100 syunre Lilometers (¥F...0. 1978). H. Vine
(1953) has rccently regrouped ligerien scils into
five marin classes thet are further subdivided into
16 groups. The five main sroups sre;-
1. Well-drained reddish - coloured scolls
that renge from moderately to strongly
leached go0ils with low humus content,
2. Well—drained scils, moderately lesched

but with high hurms content.

3.  Well-drained yellowish-brown soils,

cxcesgively leached.
4. Swanp soils,

5e Poorly droined cloys and Gry sands.

Lecording to Bachannn and lugh (1955) the first of
these clesses is by foar the moest iaportont in terms
of zreaz occupied, covering ebout nine-tenths of the
country. In the Savannaly aree with which this
project is concerned two wejor soil types ere

distinguishable, nemely s— (1) the Zarin type soil

whichh congists of a surface covering of drift
deposits sbout fourteen fuet deep in parts mantling

the soild gedimentary snd bogement rocks; this
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gsoil is very fine in texture and ig in consequence
heavy and relotively difficult to work, tending to
become waterlogeed with hezvy rain and to dry out

and crack durine the éry scason (2) the borthern

Drift soils with ccarser drift resultirg in light

sandy soils T buff ¢r roddish cclour, of lew To
medium fertility, easily worked and well suited to
crops such ag millet ang grcundnuts. Cotton plante
are the characteristic orops in the Zaria {type soil
(Buchanan and fugh (1955), pH values of 5.5 ~ 6.5
in surface layer znd 5.0 in the second foct have

been recorded (Puchanan and Pugh, 1955).

According to Devendra and Burns (1970), the
natural gragslends of West fifrican Savannah regionsg
seldon supplies sufficient Phesphorus to maintain
animals in good health for more than a few weeks at
the beginning of the rainy ssascn. For most of the
year levels are extremely low and are generally below
the minimum safety levels. This foet is expected to
be so with regardes to the Zaria soil with it's
vaterlogging characteristics such scils being acid
{(pE 9.0 = 6.5) and are long "known to result in

calcium ~ lew forage® (underwood, 1966).

It is clear that the ninerel composition of
all plants reflects in verying degrees the nature
of the soil upon which they grow zand this in turn
affects the minersl icn ghetus of the animal
directly or in directly. TUnderwood (1966) says

that the amount of I'ctassiun, manganese and zinc
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carried by plants rowing on scils deficient in these
minerals is /cnerelly sdequnte to supply the relatively
small amounts rcquircd by Livestocle Therefore animals
of the Guines Savannah may be expected to have enough
of these minerals for their normal needs, The Zaria type
socil of the Guiner Sevrrnch ig also expected to supply
enough ccbalt and mengancee te plants growing on it and
hence indirecctly tc the animales grazing on such plants
since it has been shown that the plant content of these two
oigereds 45 rectly inercascd by soil woter logging
(Adams =nd Honeysett, 1964). lMolybdenium is normally
present in cealerrcue and alkaline soils made up to a
large extent of clay and limcstones. Mitchell (1957),
demonstratcd that the absorpticn of nickel, cobalt and
manganese by plents is favourcd by ecid conditions,

For grazing ¢nimnls the scil nry clso serve as
a source of minercl clements, Herly (1973) writes thet
grozing animels ingest soil rlong with herboge cnd ¢ his
ingested scil con b¢ ¢ gource of elements,; over and above
that contributed by herbrge. Incestion of soil by sheep
has becn rcported in gcotland (Fielc ond Purves (1964)
and in Australic (fr-old ot 21, 1966),

(c) CQimerte :~ Climntic conditicns very throughout
the country to some extent, Two mojor sensons -Rainy and
Dry secsons = exist. The raniny scnson usunlly extends
thrcugh a period of seven months

(from April to Cetober ineclucive), whilc the dry
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season beging from Fovenkber and ends in Merch - a
period of five nonths. From map notes by Pugh
(1955) in "Lard ¢nd ccople in Figerir" it is clearly
indicated thet the Sovearah regiore, including the
Sahel, have 2 tctal sarnnmuel rainfall of between 20
and 60 inches while th: cther regicns below the
derived Savannah heve tctal anruel rainfall of
between 60 - 140 (nnd cver) inches of rainfall,
The nean enrucl rainfrll for Kadurn State (which
includes Zearir) taiken for 2 tetal . period of thirty
five yeors is 51.2 inches. The surface winds
throughout the year in Fizeria according 16
Buckanan and Pugh (1955) sre usuclly cither Korth-
Bast or Scuth-4dest Winus with the Intertropical
Front Winds sweaping rcrcos areos around Kano
Southwards in October -nc Northwords in April.
The Winds in the Savrnrehs ere usually fierce
becauge cf the open noturc of the regicons (having
relatively fow Wind breakere). The other regions
south have mcre winc broekers thus reducing the
intensity of the surface winds. During the
hanattan of the Dry season the Vinds cerry much dust,
In the Yorthern regions of the country the

tenperaturec are extrorc.

411 these factors ficect the animals ¢f the
the Guinea Savannah bLoth direetly and indirectly as
they affect thc herbeage uporn which they feed., It
is known that a2 hot dry period hastens the prccess
of meturaticn in plants while delaying the
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production cf new, groen growth which mey be quite
different in niner2l compesition from that of the

same plants at ¢ ciffercnt grcwth stage, (Underwood,

196¢),
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2.3 BICELEMII'TS -~ MUTLLS,

(RBQUIRBMENT, LiSTRIBUTICY, AND FPHYSIOLOGICLL
ROLE IN THE AI'IMAL)
General

Minerel elecents heve long been kmown to play
very importcnt rcle in the physiclogy of living
organismg, Some, such ng Calcium, Thosphorus,
fodium, Potagsium,Magnesium, ~re trken in reletively
large amounts ~nd ar¢ so neceded in the body and are
referred to as macrocnutrients while some others
such as Iron, Zinc, Cobelt, Nickel, Mnganese,
molybdenum are necded ir relatively smell anounts

and go are referred tc as micronutrients.

These elcments are normelly cbsorbed fron the
diet of the animel by the beCy and for grazing
animals may alsc be cbtained from ingested soil
( Healy, 1973, while sci¢ beccuwe incorporated into
the structural #ranc work of the bLody conponente eg.
Iron in heerm proteins, others may sinply influence
metabolic procegscs or irterfore with physicel and
chemical propertics of mclecules within the body of
the animnl, Thus, they beceme distributed through
cut the animal body tissues and organs depending on -
the need for them by the metabolizing cells.
Underwood (1966) in his bock "the Mineral nutrition
of Livestock" itemizes the most impertant factors
which affect the minersl requirerent of (and
distribution in) animels =s (i) the species or
breed, (ii) the age, sex and growth rate (iii)

the nature and razte of producticn sought (in
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Livestock), (iv) the level ard chendcal form in
which the minerel is ingested (v) the overall balance
and adequacy of the dies , in relaticn to the

purpose for which it is agiven (for Livestock) (vi)
hormonal and other physiclogienl activities within
the animal (vii) the cli-vite or ncen-dictary
environment and {(viii) the cliteris of adequucy

employed.,

The functions of bioélements in'biplogical
gystems are many and diverse. Sork of the nmore
important include (a) activation of enzyme gystems
(b) stabilization of protcing in sclution (c)
Development of ¢lectricnl excitebility (d) Regulatiom
of permesbility of menbranes ond (¢) Mointennance of
a dynaniec - statce of isotonicidy botween cells znd

extracellvnlar fluid (Dyer, 1969).

The valence and étcnﬂc nuitber of ions
easgentially deternine their properties and therefore
their tendency to fora cunilexws with water and
organic moiecules. The greater the valency the
greater, for instance, the efficiency an ion has in

precipitating proteins. (Lockwood, A.I.M. 1966).

&n ion which  activetes en enzyre system may
(1) form an integral part with the enzyme molecule
(2} serve to link enzyme with substrate (3) cause
g shift in the equilibriurn position of the reaction
or (4) act indirectly by releasing ions which

activate the enzyme system.{Lockwood, #I'M, 1966).
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ZINC

Zince requireheﬁt for normel growth in lambg,
calves and goats is not yot known, 411l that can
be stated with certainty it that the regquirement of
calves lies betweern 7 ond 46 ppr zince in the whole
dry ration (Miller ard ¥iller, 1960). That of
lambs lies between 3 and 18pprm {ott et.al, 1064 ).
In pigs fed om 2 besel roticon prepared from soys
bean meal containing C.66% Caleiun Ca, C,47; St
phosphorus and 16ppn Zine, Smith et nl f1958) showed
that 4% — 50 ppm zinc is adeguate to meet the full
mrtritional requirements ¢f these animals when the
calcium content of the feed is normal, In the
experiment, they supplemented the zinc content with
zinc oxide to provide total zine levels of 21, .26,

31, .36, 41 and 46ppu, | : -

An sdult T0=kg mar is estimated to have 1,4-2,3g
zinc in the whole bocy. This quantity is half the
amount of iron, 10 to 15 tines that of copper and
more than one Indred times that of Manganese in the
adult body (Widdowsor, ct al, 1551). Zinc
concentrations of up to 150-250ppnm regide in the
bones ard teeth. This is an appreciable total body

concentration.

In the rat and the hedgehog, 38% of the
whole body zine is in the skin and hair, or
gkin and bristle while in man 204 of this ion is

estimnted to be in the skin (TFories et al, 1967),
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The zinc content of the enimal body varies with
age and part of the budy (Miller et al, 1965), It
is preferenticrlly cineontreted in healing tissues
in ret - sikin, musclee ©rd bone fracture (Colhoun
and Smith, 1668, It's level ir bene and hair can
be raised bty high cictery intokes snd reduced to
gone extent in zinc deficiency (lories and Strain,
1967). High incrgenic phosphorus intakes can
eggravate zinc deficicncy in rats, Cadmium in
poultry, pigs end calves (Towel et al, 1964), Most
repid accurmlation and turn over rste of retaimed
zine cccurs in the penerens, liver, kidney and

spleen (Heath and Idquier, 1950).

Many enzynes are Jncwn to require zine for
their physiclogical processes (Riordan and Vallee,
1976), It is require¢ i1or growth, health and
skeletal develcpment in rets and mice (Todd et al,
1934 ), The synthesis of nucleoproteins and tissue
proteins is profcuncly influenced by such mineral
elements as Zinc and Meghesiune Zinc ions are
involved in DN4 syntheeis, Williams et al, (1965)
showed that there is inpaired synthesis in rat liver,
depression of 32p incorpeoration in the mucleotides,
and of tritiated thymidine intc the DNA cf the liver,
testis, kidney ond splecen, DPason et al (1953)
reported thet therc is impaired synthesis of
nacleic acid and protecins in zinc deficiency in
micro-orgaenigns, Hsu ~nd fnthony (1974) alsco
observed that zinc—de¢ficiert eninale have a

decreased incorporation of anino acids in the skin
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proteing, collagen in prrticular. Cther workers

have also confirmed thrt zine is essential in DNA
synthesis in the nanwliar cell, They have shown
that it is involved in cell replication rnd gene
expressivn ard in nucleic azcid ana protein

metabolisn (Sandstead ard shepnrd, 1968; Rubin, 1972).
Fories and Strain (1967), showea that wound healing

is proroted by zince and retarced by it's deficiency.

The importance of zinec ir the living organism
cannot be overetressed, and this esn be glimpsed
from the effects of it's deficiency in an animal,
Thus, Luecke et al (1973) working with rats showed
that zine deficiency in these srimals czused sewere
lesions (when fed on dermineralized casein diet)
which included allopecic - a2 Severe exndation ,
swelling and bleecding cf the pnwé. "imerous bacteria
and & few yenst cells were able to grow on the skin
surface and letweer tle Fer-totic layers. There
was cracking of the pow with deey rissurg.

Under ratural conditiong, Labceratory and
clinical teste perforiwed in Greece on zinc
deficient cattle rovealed tnat these animals were
characterized by untnr:fty appearance, rough coat,
loss of hair and enzymtousg lesions with
thickeninyg e¢nd fclding in vuarious parts of the skin
(Fapatericdis, 1973). The dediciency effects were

observed in cattle of all ages.
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Vork done by Hsu and fnthony (1973) on
14 .«
Incorporation of (''C) Glycire - 2 into skin collagen

in zinc deficiagnt .t revenluod thrt the wvater

content in thz skin oY zine deficient rats was
gignificantly hnichcr thnn tiat of zine supplemented
palr Ted coporals It ic ¥nown tco that all these

defiziency eyrrptouns diseyrear when cdequate
spupplies of the elelwert is cduninistered tc the

deficiert arim.1 ( Heu and /nthony, 1S73).

2.3.2 CCYIER

The Copper requirercnts of rats necegsary to
meintain pigmentaticn in the hrir are substantially
higher than those required for grewth (Mills and
Marray, 1960, tut legicrs appeer in wool of sheep
in some arcas at levels of ccprer irntake sufficient
to prevent anaemia and cther rimms of copper
deficiency. In thcir experiment, ills and Murray
(1960), using a diet cortdiming only 0.3 - O.4ppm
coprper, estimntcd the mirimn copper remi rement
for rat of 70 g live weight fed a 10 g diet daily
as : for haemoglebin production, 1.0ppnm; for growth,
3.0 ppm; for melanin production in hair, 10.0 ppm.
4-6 ppm copper, on dry bagis with relatively low
melybdenum and inorganic sulphote provide
sufficient copper for full requirements of cattle
and sheep of British breed and cross-breed,
Cartwright (1950) reportsthat corper balance is

maintained in adulv men on an intake of 2ng/day.
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Fill and Matrcue (1962) have reperted that
there is marked reciprocel zine - corper antagonism
in the arimal body. The increase in the quantity
of one results in reductior in the activity of the
other. Thus, the extent of copper -deficiency
otcurence depends rot merely upon copper intakes
but upon tho relative freportiors of theese intakes
to dietory levels of sine, Iron znd caleium, Thus,
molybdenum and inorganic intake increase can block
the functioning of copper in pigrentation (Dick,

1954,

Copper poigoning can occur iun sheep and cattle.
If liver copper values are very high above critical
levels, thisg may result in the liberation of copper
into the blood with resulting haenolysis and
Joundice (Hhwell, *977). Copper levels of as low
as 25ppn can cousc coLper poisoning in sheep and
normal ~copper intskes with very low molybdenum

(0.1-042 ppm) con also cause it (Buclk, 1970).

Like iino, the dietrituticon of total body cdpper
varies with specieg, nge and copper status of the
animal. Newborn and very Young animals are richer
in copper per unit becy weight than adults of the
Bame species. Figures cbtained by various workers
give the concentrations of copper in whole body

of various specics as shewn in Table 2.2.
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CONCBNTR..TIL} S U} U 2 11 WHULE BUD1BS OF ViRIOUS SIBCIES'

-

Lge Human ig Gzt Rabbit Rat  Guninea Pig
Newt’orll 4-? j 2 E*{ ‘4.0 4-3 6.9
Adult 1 .r." 2-5 1 OE' 1 .5 2'0 -

4

Concentrations in ppm of fet-free tissue
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Dick (1954) Zourd t'e total body copper of two
adult gheep te be digtriluted as follows: Liver
T2-79%, Magcles 8-12;; skin and wccl 9%; skeleton
2% . The plands rre exarples of low copper tissuess
spleer, pancreas and skin ard bornes represent
organs of interncciate cciper level; liver, brainm,
kidneys, heart ard heir are relatively high in
copper (Cunninghan, 1¢31), 1In the brain, ccprer
levels increase with =2c¢ to about twice from birth
to maturity wvhile in cther organs - liver, spleen,
lurgs, aorta - it decreapes with age (schroeder et
al, 196). Van koctsveld (1958) obtained copper
level of 10C ppm ir desir: cettle black hair. He
obgerved thot velucs belcy 8,0ppm were associsted
with signe of copper dzficiency in cattle. O'Mary
et al, (196%®) found red i white hair from Hereford
cattle to range '~cm C wc J1 prm copper with no
congistent differcicen dre Lo eclour but with

eimificent effeet of co~uon ard time of sanmpling.

Copper is mreoent in = nurber of metatolically
important respiratory enzywscs e fscorbic acid
oxidase., It plays or iroortemt role ir respdration
as a constituent of cxpen earrying proteins -
= Hemccyanin, Undoubiedly “co it'e functions are
related to the rignents fouind in the skin es
ddmcussed belcw. #legcr (1949) has postulated that

cepper functiong 28 a cotalyst in menmalian
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pigmentation, and Merstcn (1946) alsc postulated
that it functione s - ecotalyst in kerstinization.
Abreham and Evang (1973) frow their cxperiment with
fed rats showed that the elastin content in the
gkin of copper - fed rrv incressed while it tended
to increase lesg in corpcer dericiert rats. Copper
iong are involved in the creosg-linking cf collagen
fibres (ucker et el, 1969; kucker and Goettlich
1972 ) and elastir fibres (cleary and Panning,
1974). Underwood (1966) writes that copper aids
depositicn of bone in the cartilage matrix,

Copper deficiency results in dofects in the
processes of keratirnizetion, pigmentation, bone
formation, reproduction, ryelination of the spinal
cord and cornective tizsve “ormation. Iee (1956)
reported depigmentetion of skir of black flecced
sheep with changee in the physical properties of
the fibres in copoer dcficicrey. Cleary and
Fanning (1974) heve stoted thot in copper deficiency
cross-links in elastir fibros cnnnot be formed so
alsc are thu cross-links ir collagen fibres (Rucker
et al, 1969). Other obscrvations repcorted in
experimental copper icn deficient animels include
(1) Reduction in the amcurt and quality of sheep
wool (Underwood,1971) (ii) Specific demyelinating
disease of young lambs,czllcd swayback or
enzootic ataxia (Lerncr et al, 1950), Merston
1946 has shown that the eifeect of copper on wool
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quality is associated with the formation of
disulphide cross-liris between polypeptide chains
in emerging fibres wh’le the ability of inorganic
copper to catalyse thc oxidetion of thiols is well
known, Smith end Ellis (1947) have reported the -
occurence cof achrcmcetricliis in copper - deficient
rate, guincse pigs, catg, dorg, goits, shcep and
cattle but has not been cbscrved in pigs. Mills
and Murrey (1960) repcrted the appesrence of

lesions in wool of shecpe.

JROK

Underwood (1966) in Th¢ Mineral Mutrition of
Livestock writes that little is known of the iron
requirements of sgheep, cattle, horses or goats,
Figs, poultry and crlveg according to him have
received more attenticr but even for those species
large gaps still exist ir our knowledge of iron
needs or cf the factcrs influencing them. He
further steted tlet calves fed cxelusively with
milk diet develope severe iron deficiency anaemia
within 8~10 weeks", The results of the experiment
by Metrone, et 21, (1957) with eanlves showed that
Holsteir calves maintained on =2 bagal whole milk
diet containing 1 ppm ifrer on dry basis, clone or
with supplemented irom at the rate of 30 cr 60 mg
per day maintained normel growth and haemoglobin
levels for a period of 40 wecks from bith. Thus,

minimum iron requirement of calveg for growth is
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not mere than 30 mg/dey.

Iron centent in @ normel 70-kg adult man is
about 4-5g or 60-70vrm (Undcrwocd, 1977). This
quantity, as hes alrendy boer renticned, is twice
the total body zine ~nc scre than twenty times the
whole bedy ceopper. The some mrojcrtions of these
ions exist in the ret body with about 50 ppm irone
The female rats/mice have greater total body iron.
than the males (Underviccd, 1977).

In mop the liver end spleen carry the highest
iron concentrations rellowed by the kidney, heart,
skeletal mscles, pancrcas and broin which normally
contain % - -}-0 of the concentrations in the liver
and spleen. The reserve or storage iron in the
body occurs mcinly as two heem compounds - ferritin

and hemosiderir., (Uncerwoed, 1977).

The factors cifecting its nbsorbtion from the
diet include zge, ircn stetue, stoate of henlth of
the arirmal, conditions within the gnstro-intestinal
tract end amourt of the chemieal form of the
ingested ircn, Mitchell ond Rnman (1962} cssessed
the average loss of ircn through the skin of
healthy adults as 0,5 per day. In addition to
iron excreted in the urine ond faeces, there is
continual dermal loss ir the sweat, hair and

nails.
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Inorgenic dron conrcunds pogsess sore oxlidative
activity ard nbhility tc¢ trongport c¢lectrong, snd so
they funection in living syetems in the respiratory
process, They are “nvolved in the precess of gaseous
tronsfor din the blecd strern betweon the Iungs and
the cells of the hedy. Iy 8ide thoe cells they play
an importeznt role in ferring lin¥s in the

cytochrore chein (Urdurwood, 19775,

In iron deficiency irn chicks depigmentation
of the feathers, unrclated to lack of copper, has
been observed (Davis,et al,, 1962). Underwool
(1966) lists the folloewing clinicol characteristics
as symptoms ¢l iron deficiency :- poor grewbh,
lethergy, blanching of the vigible mucous nenbronces,
increnged heart snd respiratory rates, dcecrsased
reggistance to¢ infecticn, nand ir severe caseg, a
high nortality; o progregsive development of
anacpia of the hypoehrodic and microcytic type;
depletion of sturegs ircr in liver, kidneys and

spleen.

CORBALT

Horges have long been known to thrive on
ragture so low in cobalt content that sheep and
cattle grazirg upon them wasgte and die, Reports
from New Zealand asnd Australia indicate that C.07ppn
cobalt in the dry diet was gquite adequate for

sheep and catile and thig figure has been accepted

'as the minimim optimcl reguirenment for these
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enimals while recent eviderce inuticates that the
amount requircd by lanbs ie 2t least 0,10ppm
(Andrews,et =, 1978), HRurirrcnte require mnore
cobalt ions tron nca mrmunants o2 the microflora
of the mine:: neeoma' 'y ovothesizers vitarin B-12-like
subs*anceg fri: Tt culaic The vitavdin B-12
normrlly centoins voknlt md ig rrde available to

the enimal thrcush the runer (Hedrich et al, 1973), -

Yhe ¢lemcnt ie widely distributed in the body
btut it has its highest concentraticrs in the liver,
kidney end bones, In cue study of normal newborn
calves the cobalt content cof the tissues ranged
from 0,10 - 0,22 prm on dry besis cxcept for the
skin and hair vhich hed * .0 ppm cobalt ion

concentraticn (Thoupsom -xnd Bliis, 1947).

Cobals, . likc zine, ccprer end iron., forns
metalloproteins. It is [cesent in vitenin B-12
(cyancrobalanin). S8Suvie »e-tiduscas in the blood
plasme ere activnted by ccbelt and it is an

antipernicionus cneede frnetor (Smith, 1948).

Minernl clerent deficicncy disecases that
affect the skin of ani.vle have also been reported
for cocbalt and Nickcl., [ deficiency or absence in
the diet of onimals results, among other synptons,
in dryness cf the skin which usually becones pale
and fregile, o gradual logs of appetite and failure
of growth c¢r loss of body weight and, in severe
cages, sovere anaciia culminating in death

(Inderwood, 1966),
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RICKEL

The furicticng and -cde of Dunctioning of Nickel
ere not clesr but it ic well known th-ot nickel is
an egsential trece €lemint needed in very sunll
asmounts by cnimls. lickel has been detected in
men's skir aud sox c¢thir tissues in the 2nimml
body (Sunderran, et nl, 1¢72), Niclson (1973) in his
work vith the chick was able to jprcduce nickel
deficiency ccrditions which caused changes in the
shank gkin piguentaticn and brought about a
pathological condition — dermetitis® . of the shank
skin., FNickel is bound tc RNR (Dyer,I.A. 1969).

MAGNESIUM

Mitchell (1947) fron his werk on chick and
calf gave the nornnl Momesium ion reguirement for
the two animele aeg 0.04 ¢ znd 0.07 3 of the dry
diet respectively., Miller ¢t nl, (1965) placed
that for beby pigs fed cn o purified diet at
0.03%25" (325 ypyn). Zlaxter ard MeGill (1956)
reported that pesturcs o raticns containing not less
tﬁan 0.07f Mg cf the dry »ation sustained sheep and
cattle for normal growth while zbout 0.1% Mg was
adequate for the uvdinirun recds of lactating
ewes and cows. Mugerz nnd dgdwards (1663) fed young
chicks with & reticn containing 0.6% Celciur and
0.3 Fhosphcrus, The ratior 2lso contained
Magnegiumn, They fourd thet the minirun requirement
for Magnesiur increansed frorn 0.04% Fagnesiun in the

dry ration te 00,0567 whe: the Phosvhorus content
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was inereased from 0.%% to C.9%. When the level of
dietery :lcium was also raised to 1.2% the Magnesium
requirement was found to rise further to 0.05%%.
Thus, i% dis vlear “het the presence of phesphorus and
caleium in the diet of the animal inflvences the

Magnesium requirement of thet animal.,

Data compile. in the Fiologicel Date Hendbook
of the liaticnal Academy of Sciences and edited by
willism Spector {(1956) op the findings of numerous
worgers show rthot HMagnes.um ig widely distributed in
the body of arimals anc way be found in enzyme
complexeg such s Desosyriboruclease (found in
integtinal micosa) Bnolase (in musecles). It is found
in the gkina, bones, liver, kidney, brain, etc. of

vardebratesa.

Kruse e: al (19%2) showed conclugively that
magnesium is required for vhe normel growtn of
animals. It functions as an essential part of
many enzyue gystems Including phosphnglUcomutase in
the mitochondriz.- Placma and gastrointestimal
secre*tions contein from 1.7 - 2.3 wm-eqv of Mg per
litre of fluid anc about 554 of plasms magnesium ig
ionized. (Bell et al, 19727, |

A deficiercy of Muagnesium in the body of the
animal, according to kruse, et al (1632}, results
in alepecia gnd skin legions of a trophic nature.

The clinicel signs of this condition in the animal
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stiff and stilied movem:ni, twitching of face and
ear muscles. Within n few days extreme excitement
and violent convulsi-ns leveiop, then comz sometimes
follows and death fitnally cerminates the life of the
animal f saran levels of the iom are not increased
on “ime. Magnzsiu. _omg are, generelly gpeaking,
neceasary Joxr merve iupulse transmission, muscle
contraction ernd carbohydrate metabolism., They help

decrease tissie 'rritebi’ ity (Dyer, 196¢).

2.3.7 CALCIUM

The normal serum levels of calecium in Cows ig
about 10 mg per 100 ml beiore calving of these
animals. Growing children nced up to 1.5g calcium
per day and sdults 0.5¢ (Williams, 1971). The
committee »n Animel jfafriticn o1 the Fationel
Academy of Sciasnceg pablished o report in 1945 which
has been reviseu ap o0 1564 or. the nuiritional
requirements oF gheey The reypost suotes thet
"forage containing frox C.24 to C.32 % calcium
is considereca adecuate for saeen" (Pope, 1945 -

Chairmer: Commities)

Calcium. l.ke Masmegium. is widely distributed
throughout the animal bodv cu2 may be found in high
concentrations ir the kony structures including teeth,
Subtantial cmounts arc presert in the skin, mammae,
blood, etr. (Spe~tor 1046} [t ie present as a
cementing substance be.ieen cells. It is ealso

present ingide the czel) 2~ pn escsertial component
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of calmodulin which is & multifunctionel regulatory
protein found in cells &:-d coriaining four Ca2+

binding sites ‘Wal V.u Cacung, 1980},

Ca.cium iz rowr ag veYy irportant element

involved in tne builoinzg vy of the sieletal
structure of animrls. 1% iy ¢ oonstitucnt of eonme
enzymes such v conjuvesse (fount ir the pancreag,
tissuss of the body) 74 fpirase (found in the liver
and miscles) _Spector 1956). 1t is important in all
regulatory functions of cells where calmodulin is
involved. 1 is reportzd 1o give stability and

adhesiveness to cell spurfaces. In growing animals,
especially young animals, it is essential for bone

and teeth formation Lactating mommals have
increased requirements of this ion for milk production.
williams (1971) i» hip book "Thc Metels of Life"
writes that "it ic alsc rceded for —-—--, maintaining
the correct rrythm of thac heart beat and in the
conversion of fibrinogen irte fibrin to form blood

clots".

"If the blood calcium level felles it is
replenished by drairage from the bores and eventually
osteomalacia (skeletel bone bending) results. It's
deficiency in blood plosma causes mscular
twitchings and eventually convulsions" (Williams
1971)« Calcium deficicney, if prolonged results in
abnormalities of bones zrd teeth, in subnormal

growth , develrpment of depraved appetite, impaired
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fertility, milk yield and egg production (Dyer, 1969).

2.3.8 SODIUM

Meyer et al (1950) fed weaner pigs on purified
diets extremely low in sodium, potassiun and
chlorine ard from thsir vork thsy founc that the dry
diet for thesc snimels shovld cuntein not less than
0,08 to 0.10x sodium, 0.2% to C,.28% potassium and
0.12 to 0.13% chlorine. Apjroximate figures were
obtained by other workers for sheep and cattle but
not with ary accuracy. 8mith znd Ganguli (1967)
meintained adult femsle rets in apparent health for

seven months on a diet containing only 0.004% Na,

Sodium is very widespreed ir distribution in
the animal body being present in extracellular
fluide and bones., It is presert in the gkin, brain,
mscles, spircl cord, hesrt, cte. (Specteor, 1956),
From tables of publiskei values of mineral composition
of animal bodics by widacwgor (1950) and other workers
(Spector, 195C) it car. %e¢ scen that in new born
mammalsg (at birth ir m=n, pig, 2nd laboratory
animals studied) the Sodium content of the body
exceeds thet of Fctassium but the condition

reversges as the animels 2row up into adults,

Sodium inhibite some ecnzyme systems ospecially
thote ngsoicated with glycolysis and is less active
than potasgsium in activeting others. It tends to
offget the action of smell amounts of divalent ions

in decreasing the permenbility of cell membranes,
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being a monovalert ion. 1t accounts for me jor part of the
osmotic pressure of blood and interstitial fluid being the
main cation in extracelullar Sluids. It indirectly
influerces the development of sction potentisl of cell
membranes ol exciiscble cells by influercing the permeabi-
1lity of the cell merbrang. lun hih concentrgtiong in cells

it becomes dangerous since it innibits some enzyme systemsg. .

It's deficiency results in a craving for splt (Aines
and Smith, 1957}, declining appetite, unthrifty, haggard
with a rough coat, rupid loss of weight and reduction in
milk yield; collanse and sudden desath mey result in high-
producing cows whinh are calving. I growing pigs, poultry
and sheep growth is retardec, water consumption increases
and protein and encrgy mctabolism impaired (Underwood, B.J.

1966) ¢

2.3.9  POTASSTUM
Potassium iong ere required in low amounts in the.diet
for sheep, Cottle ond grazing apimals. Telle et al, (1964)
found that the level of Potass}um necessary for optimim
feedlot performance of shecp wés betveen 0.3% and 0,5% of
the air-dry ration. 7oy (attle levels betwecn 0,72 and

0.85% Fotagsium were found to he adcquate,

Potassium is a major cormporent ion of cells, being
always present in the interral fluida of living cells.
Williams (1971) writes that tre ions are found widely
distributed throughout the body. It is found in the Skin,
the liver, brain, apinal cord, hesrt, miscles, e&tc, of

vertebrates.
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It's concentrstion in the mitcchondria is higher than
in the cell sap. It helps in eitcblishing the membrane
potentizl of cells. It activites some enzyme systems gueh
as pyruvic phoipherase and fructokinise, It's presence
in the extrocelluler fluid azids the nocrmal extrusion of

sodiun from cells.

velt <t nl. (1960) revieved the cencral effects of
Potassium deficiency and these include impaired appetite
for food, rctarded weight gain In cottle and other
livestcck clinical sigms incluce pica (a depraved appetite),
poor coat, listlescnees enéd unstendy geit; in humans,
subjects of expcrimental depleticn of potaseium by means
of an ion exchernge resin snd a diet cf low potassium
content complained of heaucche, frtirue, irritability,
polydispsic and polyuris, In the rcview, the finaings of
numerous othcr workers wiio used such experimental]l animals
as rats, pigs, dogs, sheep and cattle for their investigations
were sited to confirm these deficicncy symptoms, Other
deficiency effects listed incluce irerc: sed kidney weight
and histcligical evidence of kidney damagse, occurence of
metabolic aslkalosie, urine cencentrotion in man, dog and

rat,

2.4 ™HE TEIT)RCGH ARBA
It is clery {rorm the abunaznce of evidence
revealed in liter:r ture thet ninerzll elcments are
an important srcup of clercnts vwhich have great

impact in biclcgicnl systems and upon the animals
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as a whole, TFrequently the physiological effects of
the clements (whether =% normnl, deficient or toxie
levels) or thre apimsl ar- geen on the skin of the
animal either as the first visible signs (ss in the

coge of copper defi~iurcvy) or (o signs of advanced

or prolorged _ffects of ¢ dnercls or. the enimal,

The cbvious economic advantages of the skin of
medium size (eg. sheep end goetsg) to large size (ege.
cattle) enimale as seurn in the extent of trade and
Industries tlnat revolve round hides and skins cannot

be over emphasized.

The functionel role of the skir in the “nimal
(including man's skin) ie very important both to

the animal 2nd to mnr. whom the animnlg serve.

The Mineral ion stotus of the hair of an animal
hags been useé o evalurte iLhe mineral ion status of
the diet upon which the onaimel fecds as this reflects
the level in tle feed [ﬁillvr et al, (1965),
Reinhold et al, [1968), cn1 Ankc and Groppeil (19’?()].

Mach literaturc abourds on Mineral elements -
level, aeficierncy and toxicity - in the body and skin
of such enimals as cattle, sheep, rat and other
laboratory animnls but very little is written on
goete as a whole and legs so on the Goat Skin, None
at all is available on mineralizetion in Guinea
Savennah goats of Nigeria., This project reports
the first detailed work on the mineralization of the

r
skin of the Nigerien goat. and focuses attention om
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the metal clcument staius of the goat skin and their
abundancc end distribution in different regions of

the goaet skin,



CEAPTER THREE

3.1.0 COLLLCTICF OF STECIMENS

Fronm a collecticn of goste (Plate TI) drewn
from different lceul government areas in Zerin
(Fig. 3) ten healthy luocking gontc were randomly
selected, They rorgo.d in ace from 1 - 3 vears.
Twe of them were nct full grovn 2dults while the
remaining eight vere fvlly moture, Two of the
meturc goats wore malee while the rest were females,
All hed brovn cclour except two which were black,
brown being the common colour for nost goate in
thig area oi the Guinee Javannah., Weight and
length measurementc c¢f all the animals were teken,
They were then slauchtered and flayed on the same
day. The major conctrairt in thc procurement of
the specimen arinele was the finance. This
difficulty wes overceme by meking special
arrangements by whicn nerng only the skins of the
animela were reid for while all phvsicel measurements
of each specinen ariral verc rade before the

slaughter,

3+2.0. PRCCEDURE

3+.2.1 Physical Mcasurcrirnts

Before slaucrhterir~, cach goat was weighed by
substituticn method, using = Hansen - 125 gcale that
has o~ ¢ O.1ge accuracy (ilcte XVI)., In the method,

e boy wis weightd alcecne on the scale and then weighed
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agzin while bearing thé gbat in his hands;. The
difference between t.c two welghts gave the
weight of the goet. the methed was the nost .
suitable under 4o circumstoeree as this eliminaféd
the difficulty of bhaving to held down each goat
to ithe weighing instrunent. The sceale used was the

riocst recaily avnileble.

Iongth neesurcemerts of thoe different parts
of each gont were made using a rneassuring tape
caliberated ir centimetres and millimetres.
fTter flaying, the skin of each goat was weighed
using anrother scele - £11 messurerc:nts

were recorded (Table 4.1).

From each whole gontgkin, secticns from ten
different arens were purched out (Flates XITII ahd
XIV) using & silver ;loted cork borer (Dlat. XV).
Samples wore talicr Irom n.noek, b. chest, .
anturicr gheriz, d, “nterior welly, «. mammary
ares, f. Posterior susznly g, butt, k. beok-bone, i.
front butt, j. tall., T halir woe rnct removed
fror the epidernis. ek skin sample was placed
in o gmall labelloed 2~ il FLT7.C. gpecimen bottle
with cir - tight cover, cnd chilled by
refrigeratior to provent putrefacticn vntil

analysis vwas done .

Detbermingtion of moistre Sontont.

The nmoisture ccutort rs determined in this

gxperimert is defired cs the loge irn Weight
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bs

obteined when the metericl ig dried under the
conditions of the jrccedure, The results will
include volctile nmatter and mey be affected by
fat oxidatior i{ this occurcd (S.4.C. 1973).

The c¢hilled skir sanples were thawed, weighed
and dried in 2 necharical convection air oven
thurmcstatiﬁully controlled =t 102°¢ for 16 hours.
The sorples were ther laccd in dessicators and
alloved tc cocl. They were re-weighed and oven
dricd agein ot the sane temperature for s further
2 hours. The twe hourly drying,cooling and
weighing was rep.rted until the legt twe readings
did not differ by were than 0,001 g, The loss in
weight was reportcd ns rcisture (4.0.7.C. 1970).

icrn cf

The neh ecrtens, s dutermined in this
cxperiment, is the residue cobtained after
incineration ci tih:o ateriel uider tace conditions

of the rocedurc (5....C. 1973).

The dricd gldin sonples were placed in weighed
porcclainr erucibles (with lidz, tc prevent any
loss of muterinl durin- ashing)e. The crucibles
werc re-weighed tccther with the samplos, ond the
sarple weight wae chtained Ly substitution. The
ganplcs were thor nshgg 2t 52% °¢c inn
thernostatically contreolled m:ffle furnnce until
a yellowizh vrilc agh wes obtained (24 hours).

The ash weg cooled ir tesgicctcer, weighed, and

moistened with dzsiorized distilled water and dried



at low heat. The rsh wee then rehented at 525°C for

one hour and thcr the terperature wes gracually raised
to 600°C cnc heating contiruec for another four hours.
The heating, ccoling anrd weizhirg were repectcd at four

hourly intervals until rne furtier change in weight or

colour wzs obscrved (£.C.4.C 1¢70)

Determination of Urgenic Content

69

The Orgenic mettcr, o5 determined in this experiment,

is the material thot is turnt off during ashing of the
biologicel tissue (gort skin). The cifference in the
welghts of th¢ dricd akin sarnlog and the esh was taken
as the organic matter cortort and recorded (8.L.T7.C.,

1965).

Determinatior of the Mineral Jon Content

(i) Metiocclogy :- The instrumerntal method of
analysis fcr nmetzl ions was cmnloyed. The instruments
employed were the fe.d.5. Porkin — Blmer model 290 B
and the flesrme Photometicr Cormiiys = EBL nmoel cieecee o
The former ves used in the wnalysis for Caleium (Ca ),
Megpesium (Mg ), Zirc (22 ), Iron (¥ ),

Copper (Cu ), Mickel (' ), Cobalt (Co )
while the¢ letter wes uced in the cneolysis 1or Sodium
(Na ) and Potessiux (I ). For the Atomic Absorption
Spectrophotomctry the proeeccurc followec was that

described by the Manufectur.»:s of the irstrument

while the procedure followce fcor the letter



70
instrument was that described in the Corning-EEL

mamial for the Fleme lhotometer.,

(i1) Prirciyle of Jethed uged :-

(a) JLtomic ibsorptior Spectrophotonetry :~ The

bagis of tho wethed ¢ the A.A.8., is that when an
element in the atoric state is thermally excited,
a small proyportion of i1he rtoms present is reised
to a state of erergy in which they enmit radiation
of discretc cnergice of frequencies characteristic
of that clenwent. [t the tenpercture cf the flame,
however, most of the atcms rerein unexcited, that
is, they remanin in the'ground - state' in which
condition they dc not eiit, but are able to

absorb radiation cf the sare frequencye. In
adopting this phencnencn for analytical purposes,
a8 in the 4L.A.5, the neesurement of the frequency
of radiaticn requires ar uvxternal source that
ermite the narrow lire spectrun of the desired
element. Jlccordirg to Walters oné Malmstadt (1965)

the process con be illustreted zs ghown belows

M+ hv (frorm cxtornel Source) -—p .M,
Here the analyte ic atorized ir an ntomigzation
syster: built intc the instrument and the
decrcase in int. rsityr ¢’ the sprropriate source
emispion line due %o jbsvrrtion by semple atoms
is measured. "he necesurcnment iz wnde under
conditicns in whick Becr - Lanberts low is

followed, viz:
.
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logz Io = sbe
43
t
vherec IL - intensity of incident light

1t = intcergity of transmitted light
8 = melexr Leorptivity
t - Thieclnuees cof mediun
o = Conc.ntrotion

Thus, the ccrcentrativr is proporticnel to the log

of transmittorce,

The chief sdvantages o1 the Ltomic Absorption
spectrophotometry nethoc lic ir the foact of ite simplicity
and high sensitivity for 1eny clements, frequent lack of
serious interfercnces, and ccruaenly has no need for
separations of constituent clements of the sample (except
simple ones ofter rmede more for concentration than for
actual seperation), repidity, rrd sntiefactory precision

(8endell and Cnishi, 1€44)

(b) Flane Photometry (Fer F~ om K.).
In Flame photonctry, the sanple rfter dilution (if

necesgsary) is spreyed inte coe fleme  of gufficient
thermal eneriy to couse thc <lerents present in it te
emit their chorretcristic wncdiation. The required

spectral crmission ie isclnted by ruanp of o menochromator
or filter. The intensity cf tho cudssicn ie neosured by
meansg of & photcgengitive Jdctector coupled to an

amplifier and r recorder. Stovderd solutions are used

" for calibrating the instrument using suiteble wavelengths,.
Here again messurcients invelve the application of Beer -
Lamberts Law . The rethod is recomended for the alkeli
metals (S.f.C. 1973).
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(111)  _Preparcticn of Senple Scluticns.

Weighed smounts ¢i cach gkin sampl. ash were

separately dicscolved in 0.5 .11 concentr~ted hydrochloric
acid (HCL). 0.5 wl deicuized distilicc wetcr was then
added to unch soluticn. Thir wag Followed imicdiately by
the addition of 3.0 1l cornce. ?2504. The resulting
solutiocns were tronsferred curntitetively to 100 rl
volumetric flesks ond esch phaken for twe hours ueing
flesk - shakers. The flosks were nmede up to merk with
deionized distilled woter o»d vigorocusly shaken, Final
solutions were then tronsfemrcd irto plegtic bottiles
(thoroughly washed rnd clcencd) to minimize contamination

due to pick-ups.

(iv) ZRrgperstiop of Ltnnd-oid Scluticrs,

Standerd solutions uere vrarpred for the ealibration

of the instrunents 2o recorreracd by the society of
Analyticrl Cheristry (1973). /11 rerpente were of

the sneler gradce (Eigh grade :ralytiecl reagert), The

water used for prejczring the zclutiors end for rinsing

the stornge and ver:zin- weszcls were aigtilled and
deionized. 411 sclaticrs werce ctered irn plagtic hottlese
Test solutions were nlse tcler uyp in plnstic scnple bottles,

411 weighinge were donc wit . the Mettler baloncc using cellophane -~
sheetg,

(a) Calciun Stock Soluticn.

Colciun cerbonstc vas cver—GricGé overnight
(24 hours) et 105°C ord ceoled ir o dessicator.
2¢4973 g 03 this wez weishoed cut exd pleecd in

-

glass beaker, Fow drops o wetor vore added



(b)

(e)

13
followed by carcful acdition of 10 ml coenc. HCl. The
solution wves warac! on » wetor-bothes. To climinate
intcrference fror rlhwEniun, silicorn and sulphate
ions during inctrunertsl nrelyeic, 7.9 ml of 1,500 ppm
strentiur chloride coluticr wone pddec ond the resultant
golutior wes trensferre: o 2 ane-~ litre veolumetric

flesk ex® ey up to rerk with water.

Prom th: caledum ctock soluticn 3.0, 6.0, 9.0,
12,0 end 15,0 ppm sclvtions were prepered ard used
for celibrnting the instrurent nt a wavelength of
422,7 nn (Fig. 7).

Sodium Stock Solutiun,

2.541€ g of codiv. chlorice over—dried at 14000
was mesosurcd out inte = onc litre volunetric flask
and rede up to mary with weter, This solution, now
containing an cquivalert of 1.0 mg Iia/cm? was used
in prepering stenéard schticns of strencths 1.0,
2.0, 4.0,5.0 sx¢ 2,0 yym for calidbration of the
instrurent (Flarme Thotercter) =t wovelength of

5890 nu.

_I_Ptv.aaium otocl: Seluticn.

1.907 g Potnssiur Chloride dricd at 110°C was
placcd in o one - litre velumetric flock ond
dissolved in wcter, T.& ml ci C.01% Lithiun
Chloride was addou te the solvtion =2yd nade up to
merk with water. Thise was ¢ rcduce the icnization that
resulted due to thk. higk tenpereture of the

Acetylene flzme (1800° —~ 2000°C) used ir the
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ingtrument. (7he so e amcurt of Lithiunm Chloride

was aadcd to the teagt zclrtien before meking it up

to 100 m1), PFror this etock solution 3.0, 6.0, 2,0,
12,0 end 15.0 pp: sch.ticns woere prepored and used
for calibretivy tic imtmmirt (Plrre Thotometer) ot

T66 .5 nri wovelentthie (13- 3)

(d) Magnesiunm Steek Solutsion,

1.0 g Mngrcgiurn ribbon clenned with enery paper
was cut up invo tiry Liseus and dissolved in 10 cm3
Conc, HCl, Rusulbi solution was eveporated almost
to drynese in & unter=botl, Wator was then added bo
redissclve, and quantitrtively trarsferred to £ ong -
litre volunetric flesgk. 7450 er” gtrentium chloride
of strength 1,500C ppn wes acdded to this solution
(while 2 prcportionate volume of 0.75 cm3 wag added
to the test sclution Lefere making thet up to 100 ml
merk), and rrde up te rers with weter, in order to
mininize irtoerfercnec t'vt ay arise 2f Aluminiumnm,
silicon a1¢ strortiurm jonsg nre precscent in the
magncgivr ribber, Frou tle losnesiun gtock solution
which nou contained 1.0v7 Mg/cma. sclutions of
strengths C.5, 1.C, 1.5, 2.C rml 2.5 ppn vere
preporce ané uscd for . iibrating the ingtrument at

a wevelength ol 285.2:8: «

(e) Zinc steck Solutium,

10 cm3 conc, . Cl was ~dued tc 1.0 £ pure zinc
metal end boiledon » wrter-beth until =11 the zinc
dissolved. Thk¢ resulting soluticn was then

$ransferrecguantitatively inte o one - litre
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volumetric flrsk 2nd rade up to mark with vater,

From this stoch sclutior which row contains 1,000 ppm
Zn ions, 1.0, 2.0, 3.0, 4.0 ard 5.0 ppit sclutions
were prepercd 2ne uszed tor calibrrting the instrunent

at a wavelength of 213.¢ rm (Fig. ©).

Iron Stcck Solqtiun.

1.0 g pure ircn vire wes cut up intc tiny pieces
and dissolved in 15.0 uw3 eenc. LHCl. The resulting
golution was evaperrtod nlacst to dryncss in a water
bath and ther tropaferre’ quantitatively into o one -
litre volumetric flagk 2nd nade vp te cne litre vater,
This stock sclution now containing 1,000 ppm Fe ions
was used for preparirg sclutions of strengths 5.0,
17.0, 20.0, 40,0 2nd 80.0 ppr: which were then used
fer celibrating the instruccrt at wevelength 248.3 nn.

Copper Stock Sclution.

1.0 g purc copper netal wes digsolved in 5«0 cm3
cone, HI‘O3 (Titric 7ei¢), 5.0 cn3 conec. HCL was then
addea ord the resultent sclution weeg evaporated almost
to dryness, water wne added to redissolve and
soluticn was tramsferrcd quantilctively into a one

- litre volumetrie floe: and mode up to mark with

more water. The stcck solution now containing

1,000 ppnn Cu ions was uscd in rreparing standard
soluticns ¢f astrergths 5.0, 10.0, 2C.0C, 40.0 and 80.0

PPm. VWith theze the irstrunomt wes calibrated at a

wavelength of 324.7 nm (Fig. 10).
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Cobalt Stock ScluQEQE:

&

0.2385 [ 00504 .7 E-O (Ccbnlt tulphete Ceca-

hyérate) wee ciggolved in water ara made up to one

(o]

litre in a or: litre velustric flasx. This stock

5}
3

sclution corinined o € Cc/ul anc from it €.0,
2,0, 2.0, 4.0 2w 5.0 pypn stoncere solutions were
preparcd anl usca for celibratirng the irstrumert at

a2 wavelength or 36 7 nn (Fig, 12).

Nickel Stock Solution,

4.S53g Fickclous nitrote wes dissolved in water,
1.5Cml cone, HH63 added, and mace up to one litre
in a onc - litre volumctric flesk. From this stock
sclutior 1.0, 2.0, 3.0, 4.0 ané 5,0 ppr stendard
solutions werce preperod ol used for celibrating

the instrument at ¢ sevelergth of 48C nm (Fig. 1).
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4.1.0 PHISIC.L PAIL i3TuR ]

Promn ¢ general surve made beforce the specimen
animals were sclected, it wes found thaet most goats in
the Zaria arca havae uwrour coats (plate II). In the
sample dravn from a large porxulaticn of goats, two
were mzles and eight vere femoles and their ases
ranged from.C.GB to .0 vears appreximately; (as) the
agae® could only be crtimated by the handlers of the
goerts. Their weights rangced fron 14, 0 to 28.0 kg
while the total length (from snout to tip of tail)
ranged from 0.97 m to 1.7% n, The prhysical parameters

obtained for these geoets are given in Table 4.1.

L VALUD

4.2,1 Live Body %Wei~ht Vs, Tot=l lengsth

Figure 5a shows the rcgressior line obtained
when the weight of the anioel was plotted against the
total lenstth, The cocricient of corrclation, r, is
0.6405. The mear live-weight iz 21.80 kg while the
mear totzl leinsth is 1.19 me The cquation relating
the weight of thc animel tc it's total length is
given as shown bolow :—

L = 0,0142 B « C.8854

wherelL = Totael lengtk (in metres) and B = body
weight (ir ke)

The correlaticn is significert ot P & 0.05
The table of valucs Tor the two paramcters is shown

below in Teblec 4.2.
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Values of physical n.rourcierts o fcr ten goats
- Coure hircue (lLirneus )
}:.‘-'ran‘_b*.r;.'r- Rot e Menr S'.E.

Lge
Live Yeisrht

TO'tEll J(.T "1} _' (?_1 .:‘3

Veight of fresh giiin C,u%8-1.3%

Chest girth C.18-0,.26

of miaule

Circunferenco

mnk  0.54-0.76 1

14.0-2C,00kg 22.%6 k

I

kg 1447

length cf necl 0.12-0.2C n
Iength of tedid C,1C=C.18 n
Length cof forv=li.lbs CeZ1=0,40C n
Iength of hind-lirlts Qs3i0=C 49
ILength of 1sft horn C.05=0:1% n
Length of right hor 0.05=0,15 m

xyra

L

+ 110 1

kg

C.23 m *0,009
0,69 m *0,020
.16 n  *0,007
0.13 m 10,008
0.36 m  %0,010
0.44 n  %0,008
0.11 n  %0.010
0.10 m  ¥0.010




(m.)

TOTAL LENGTH

2.0=

1.8

1.6 4

1.2%

1.0+

008-

0.6+

0.4,

0.24

0.0 J ] T T T = |
5.0 10.0 15.5 20.0 25.0 30.0
LIVE BODY WEIGHT (kg)

F‘IG.5. The relationship between body weight and total lenggn
of goat was direct and significant at P< 0.05. The
correlation coeficient was 0.63.
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4,2.2 Body Veizht Ve Wet weipht of whele skin

Proi Table 4.7 bolov the regrecsion line for the
live weight of the anlicl cgainst the wet weight of
whole skin wes pletted one the coeficient of
correlation vas Tournd to be 0.6624 at ¢ level of
gignificance of G.05. The mean weight of the fresh
wholu skin cf t. 2 rooi iz .40 kg and the weights
ranged from C.C6 = {1.t3 7. The regression line
for the dets of Tnkle 4.3 is showr in figwru S
The equatior relatirys the boay weight and wet weight
of whole skin ig :-

8 = (.0404 B + 0,5228
where § = wet vuight of whole skin (in kg) and

B = body weicht ¢f oot (in kg).

4,2,3 CTHER PHYSIC:I VAIL3§

Analysis ol dota for wet skin weight Vs Total
length (Fig. 6), Bod, weight Vs ‘vercge horn length,
Potal lengt> Vo ‘vercge Yorp length, showed that the
correlaticrs betvecn troese pairs vwerc not significans
though thoe reletionshi o vicrc guch thet as cne

increescd tlic other alsco inercasede.

CALCUL, TI( 1S
The ccaputaticr o1 i1ic corrclation coefficient

r, is br.acd on tiw following equation -

. -~ Yayoniy

where n = the munber of prirs of figures
O and o5 = tl:¢ standerd deviations of x end y

respectively.
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Valuce of live weiht or

aoats

Totel lengil for the ten

81

LiVE LBIGHT (k¢)

e R
TOT/ v wal'GTi

()

28 .0C

20,00

21.00

14.00

24 .00

P

118

1.22

MIAN {20
+

5.8, = Yl

BOULAPICE 2~



B2
TLBLE 4.3

Valuce o2 body wedoht o the gontg and the weights

of fresh whele oet sking.

KDY vaie T (ko) LBT WRIGHD CF $UTF (ke)

28.C0 12747

~20.00 1.409

21.00 | 1.586

14,00 0.356

24,00 : 1,540

25400 I BV v

21,50 1.825

24 .00 1,208

14 .00 | 0.983

26450 1.347

MEAR 21.80 1.404
S.B. +1.51 | % 0.09

BQUATION 2 ~
Vet wedght whole sln = (0.0404 x Bedy weight) +0.5228

P < 0,05
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novr ss the Pearson

-+

product - mon.nt cocifizicnt of correlation.

Tho ecquzticns ortnineld dor the regression lines
were cbteincc Ly sclvir: for ¢ and b in the
3 -y 1 el A SIal '-‘--. =- a '
simultrneous cauaticng 1=y T+ P2.X yweren =
o = v+ 2 no of pairs
SEY = %Y 4+ b X of fisures.

sl

tvins determined

fhe noisturc

contunt for the gont

2

by the method descritel in cirpicr 3 under'noisture

content" is rccorded in inble 4,5, The neigture is
recorded as vurcirtzcu of Lo fresh skin, For each
skin the neesr meisturz For Lo saoples taken from ten

o

different arcvre ig rocordea and the stanuourc error given.

3

s

-

The pesn

wd =

The result shew

56% to 685 .

hat %S¢ ~oisture eccntent ranges from

0i ncens is €3.475 with 2 standard

crror of 4+ 1.C7. This noisture, as indieated in

Chapter 3, page €7 ianclucses tle veolatile matter of the

skin.

Table 4.6 |

Cives the oisture contont of the

different segncmts of ¢z o2t siir, with the lecast

in the tail repdon ené t5 0 hiftest ir the mammary area,

Bach value rocorcoc ix tho t-Ble is the mean of ten

) M

readings cbtaoned for 4L sorme skir regicn in the ten

differcnt goet skins srclvsecc. Thus, the value
64,004 recorded for neck is the pern obtained for
skin of c¢ach

corresponcing arcng of th. neck

of the tcr goat skins cxainined., Wher viewed in



4.4.0

desccnding order of rrsritude, thesc values show
thet the moisturec ir thc s-

Mammary axce. > Jot.ecior belly > Postorior
shenk > butt 2 Zi.ck . Crhzct > frent tutt D

mnterior gheri. 2> krel=iore > Teil regicn

It mey be obgerved irere ti-t Tealr is relntively
more aburdrwt and lomger ir tie 1-3il which hes the
least moisturc cortost valuc than ir the mammary

areca where hei» is v ry scanty.

ASH £ID ORGXIIC TTR

The ash ard organic nmatter conterte of the goat

gkins arc reccrded irn Tables 4.7 to 4,10, For
comperative pur osce tac velues werc compﬁtcd on wet
weight basis 2nd or dry weight basis. obles 4.7 2and
4.8 show the Ash ana crgcric matter contents for

ezch goat skin whilu Irllics 4,6 2 4.10 show the

ash ard organic mttcor coertorte for the different
samplc areas tcken from thie o°t siine Taug, values
here (Tablus 4.9 and 4.1C) ¢ neons for sanples
taken from corregsponcing ~rens of cach of ten goat

skins.

Table 4.7 gives « revce of 1.29 - 2,284 (wet
weight) ard a ronge 01 3.5% = 6.4%° (dry weight basis)
for the ash., Thc meon of merne and standard error on
wet weight besis are 1.71% and + C.11 rcspectively,
On dry wecight basie the meen ash is 4.687% with a

standard crror of % 0.32.
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1.8q

1.6

1o

o
!

85,

H ¥ ¥ T L

5.0° 10.9 8.0 20.0 25,0 30.0

BODY WEIGHT (kga)

FIG.5. The direct relationship between body weight of goat

and wel weight of whole skin was significant at
P4, 0,05 and the correlation coeficient, R was Q.56,



Ta

ne AT {m.d

L)

FOTAL LAR3TE

86.

l [ ] 6‘
1.4
&
‘ ) 9 :
‘ ¢
1.2, ' & L e
- R ™
. & ®
l - 0‘
&
C.&
-
0.5,
0.4 '
0.2
0 .‘0 o rmd mr L A L LAY r-r...-. LT -;-, LLE LI PN 2 “ - 1 . " .E
0.% .73 1.0 1.25 1.2 1,75 - 2.0
WET WRICHD OF WBULE SKEN [ke)
PIc. 6. The =eiastionehip buatvaen the total length of ;joat and the

wel velight of whoele skin though etraight was not significanc
at P < 0.05,
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To«BLE 4.5 '

Mean values of meiasture corntent for ten different sanmples

Yaken from eech of ften dirfurent geoat skine mumbored ' ~ 10

. _ Standerad
Serial no of _ Menr -
Goat Siin{ Heiature Error
1. 56,36 X 0.03
2. 60,31 I 0.0%
3, _ B6 .57 t 0.06
4. . 65,56 L 0.03
5 65449 I 0,02
6o - 67.72 b4 0,05
7. Z.79 t 0.05
8. 63,66 £ 0,03
9 B s T 0.03
10. 6 B I o.02
Range BELET - BLT2
Mean of Meang 6% .47

1+

Standerd Brror 1,47
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T ELL 4 96
Averege Moistirc content fop diffeprant regicns of the

geet - gkin,

Region of T Stondard
Goat gkin Moisture % arror
’BOK 64400 T 0.02
CHRAT 07«21 I o.04
LETERICOR SHpMT 61,57 T 0,04
AFTERIOR BELLY 06435 £ 0.05
MLMM/RY SRZZ £ 0.06
POSTERIOR SH/ MK 85 .24 £ 0.03

BUTT 64 .41 £ 0.0%
BACK - FONT 60.20 i 0.05
FRONT BUTY F1.60 f .05
PAIL 57 +26 * .04




Values for _h ¢or:bant

89

of Gomt Ghin (o0 iE! &) (Uep seseny”  Standard
Vs i e 3.6 £ 0,002
25 1 Z 0.002
3. 1.54 4.22 X 0.003
4. §75E b1 I 0.002
G 242F 6.45 £ o0.002
b 2.C2 6.20 f 0.003
T 14 5.53 t 0.002
8. 2,03 5e3 I 0.002
é. ¥ 568 L 0.001
16. 1,57 .58 I 0.001

Range

Mean of Merino

Standard [ipror

56 o+ 5

= L

} RS






TAELB 4 .9

dsh content of various portions of the geat skin

Tortior of Mcar Ash o Meen of A8hj Standerd
Skin (Dry weisht) (Wet Weight)  Error
NBC' 3.50 1.29 + 0,001
CHEST 3,50 1,28 + 0,001
AFTERIOR SHANK Hecl 2.01 + 0,002
POSTERIOR BELLY 3443 1,11 + 0,002
MAMMARY /RE/ 5.40 1.76 + 0.003
POSTERICR SHAMNI 5e24 1,82 + 0,002
BUTT 4,09 1445 + 0.009
BACK-BONX 519 2.09 + 0,003
FRONT BUTT 4485 1.86 + 0.002
TAIL 4491 2.10 + 0.002
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TABLE 4.10

Orgenic content ¢f various portione of the goat skin

. e —

Meor grneenie Mean Orghnic Standeard
S

Portien of Skin lloﬁé{,%k+§ury mt;«t\fgignit gw@t fanda
NECK 96 o 50 35.49 + 0.021
CHEST 6,53 35,51 + 0.023

AKTERIOR SHANE G4 478 36 .43 + 0,022
POSTERIOKR BELLY 96 .57 %1424 4+ 0.07%2
MAMM/RY 2REA 98 . 20 %1497 + 0,030
POSTERIOR SHANK 94 .77 52,92 + 0.024
FUTT | S5 a1 B els 4+ 0.024
BACE~BONR | 9 .81 58417 I 0,033
FRONT BUTT : 95416 36,58 £ 0.0%1
T2 IL 95,09 40,64 + 0,039




27
Corresporcirgly Thblc 4.8 givee the renge for

orgenic natt.r contint on woet hasis oa 30.26 -~
41,49 and on dry boeis cs €3.55 - 06.47%. The mean
orgen.c corntat o wet Treio i 94,825 with a
stapiard crrer o7 + 1,08 while on dry besis the mean

18 95.%%2F with r zburdrrd _prer of + 0.52,

The ash 2na oro rie vavter cortunt of the verious
pertiors of o gent ~kir recoradaed in Tobles 4,9 and
4.10 indicatu Lt thcr. are differerces betwecon the
differcrt semple wortions., Wlen graded in descending
ordur of sbundancce tho csh in thesce different portions

of skin is roleativily stundent in the order shown

Hamery cr.a > Pocterior shoiic > antcrior
shank > Back=bonc > Toil 2 Front butt > butt >
Neck, chest » Posgtericer L. 1ly, wail. the organic
matter ie rclotively cburdant ze shown bulow (on

dry besis) -

Mamnery arce. » Postoricr boily > chest > nzek >
Butt > Ircat huilt > Tail > Back-bene > Anterior

shark » Yagtcricr sihr+k.

4.5.C THD 1INVZRL BLELSNTS

e5e1 MINERAL ICH OCI'MLI'D (CUMPC3ITICL)

Fron the ginere]l irstrunentetion analysis done
on the dissclved goct sliy ash, the following metals
were doetectud ernd measured -

Caleium (ca )



Sodium (Na )
Potascium (K )

Megnesium (Mg )

Zinc (2n )
Iron (Fe ,
Copper (au )

Nickel (ri )
Cobalt (Co )

From the total of onc hundrecd gont skin semples taken
10 from ccch frosh sgkin, o meen mincral ash of 1.71 g was
obtained from 100g rresh skin, From this mineral ash of
1.71 g, the following amount «f nctal clenents were
detected :-~. Calcium 0.0516 g, Scdiun 0.1516 g, Potessiun
0.0884 g, Magnesiun 0.0200 g, Zinc C.0197 g, Iron 0,0713,
Coper 0,0068 g, Nickel C,C283 g =i Cobalt 0.0127 g. Thus,
the nineral ash contains a tital of 0,4504 g of the mineral

elcnents investismtod.

Table 4.11 gives the deteiled result of the analysis
of one hundre¢ skin sewmplis. from the results it can be
gecn that thce ash obteinable from 100g of gost skin, under
the condition of thr experiroint, ranges betveern 1.29 -

2.28 %, Cclciurn ranges octween 0,0% and C.09%,Sodium 0.07-
0.30#, Potassium 0.03 - 0,22, Magmesiun 0,01 - 0.04%,

Zinc 0,01 - C,0%, 1ron 0.02 - 0.129, Copper C.001 - 0,012%,
Nickcl 0,01 = 0,043, Cobalt C.006 -~ 0.02%.

Conputzations bescd on the wet veight of the cornplete
(whole) goat skin gives valucs &8 shown irn Table 4.12 below.

The figures show thot rr overae goet slidin of 1.40kg weight
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TLBL: 4 .12
Computel vnlues fox weh ond minercl . content of goat

skin begsed on wet weight of wihcle eliin.

PAREITER RANGH MEAN
Live Weight (&) 14,000 ~ ZG,000 21,800
Weight of whole skin (g) CE6 - 1825 140%.7100
Agh Contont 15,1600~ 75,1380 24,1650
Galcium (g) 0.36C1~ 1.2618 0.7201
godium {g) G.7274-~  5.3528 2.1211
Potascium (g) 0.4973- 2.6653 1.2304
I‘l&gﬂeSlum (g) Ct1605'“ Ov4392 00274‘7
Iron (&) 00,2776~ 1.5035 0.9734
Copper (&) 0.0571- 0.0905 00,0855
Nickel {(e5) 0.18%0- 0.,3759 03759
Cobalt (&) 0,1098—~ 00,2053 0.1715




'.’ "1:1.3 ':.13

Total mesn weipght of mineral

skin gamplea from

1

Ve d

11

of

98

tctected in 10,00 g

th . Gort °

Selected Skin
FPorticn

Totel nesr

ridncea]

1C= peorticns

weight of
detected in
of the goat

Chest
Lnterior Shank

Belly
Menmrery arcn
Posterior Shornk

Butt
Back-bone

Front Butt

Tail

0.003%
0.,0G3
C.004
Q.002
0,.,0C%
0,005

0.012

e

&
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if ashed will zive ¢ :eem agh weight of 24.00g and
a total mancer:s 1l ior content of €.224 ¢ (of those
pinersl clerment so frr detercired). The tcan woight
of thc cxperircntal reolp is 21.80 s« ard the goats

ranged ir wcigkt betuco 14,00 erd 23,00 kg,

4.5.2 DISTRIVITICY O T2 352 °I ZLEM 08

The ncar rircrel don cor tont of revrescentative
regionz of the goot skin were estiratcd and values of
the estimates were tabul~ted in Trble 4,1%. The
table indicates the meon r.sh and minceral ion content
obtainable from 10,L0g vi skin couputecd for each
region, Thus, 16.00 g of zkin sorplc taken from the
neck region of the go-t guve a total of 00,0032 g of
the mineral climents invesgtigetud whilc giving an
ash weight of 0.129 g, The butt with an esh weight
of 0.145 £ gave 2 totel nen nincrel ion content of
0.0125 g. The onterior belly rogion contained the
least cnourt of rincesl Cloients (the irvoestigated
elenent) with » total roen veight of 0.0C26 g of the

ions.

If arrangcd ir descending orcer of mpgnitude
with respeet to the totel wWwir veigkt of nmineral
element ovesart in She voricvs regions of the goat

skirn, the followir gz order “ill be obtainedy viz:

Butt > Teil - Postcrior ghenk 2> Eack-bone >
Mnterior shark > Front Putt .+ louawry area D>

Chest > neck > Belly. 307238
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The ash content of 1Cg o1 theae verious portions

would be in the orcur showr Lelew, viz -

Tail > Baclk=lene . mntoricr shont 2 Frort Butt >

(&

Postericr slonk = e v rrer S Butt > heck >

ilu?l resn iconic

2

atle 4.4 givesn the dct

Ly

cortunt of the 7eriovs giir re¢sicne ir gns.

4.5.3 INTER-RILATI(GISHIPS ‘ML QURRBIATICE

—

Be Relationshiv betwecn Minceral content
of skin arc Totsl 1_n:sth of Goet (fron
snout tc tip of tril).

Viithin the lirits o experinantsl crror sone
corrclation wog foune Lotween the mincrel
content of the gort cuin z2nd the tetal length of the
animal, Thiz corrcvirtion is showr in figure 22,
The cocflficicnt of corrclotior wrs found to be 0.5.
The rclaticnshiy is :ruch %het the mincreol
content increecsce ne too cninnl increases ir lengths
In fipgurc 4.6 the total length wrs ncesured in
continctres while the iircreal content was

evelueted in grams por 100g o1 wet skin weighte.

b. Relationghip between the roisture content and

the Zirec level in th. goet skin.

When the moisturc content of the skin was
plotted against the zine 3on level in the same
skins a negative corrclatior cocfficient was obtained.

Though the¢ coprclatior coeffici »t had a low value
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yet it is intirceting <rowg . o noete tiu-t as the zine

level in the skin Jiercev.d t ¢ oigtvr. corternt incrcased.
This rcsult agrcee with ti. flicings of lsu and Anthony
(1974) that water contart in ckiv 1 z2ine - deficiont

rats wes significontly Lilior theor thet of zire supplemented
pair - fed contrclec., Idg, 23 chows this relrtionship.

The coefficiir® ctf correletic., vos corput.d to be =0.4

approxiretely arc thc uccueticn r lating the~ is of the form
Zine = C.C072 - (C.CB74 x Voisturc)
Copper ions shoved extreom.iy low corrclation with the

noisture cortint. Other JIong werc =lge uncorrclatced,

¢. Relationshi: betwecen the rincrel ¢lements found in
the poat skin.,

e

Toble 4.15 beclow sumiariges the wessure of correlation
between tle rinernl ions fornd irn the gont gkin in terns of
thoir corrclation cocfTicicnte, 2t Lc rotc worthy that the
coefficicnts of corril-tior c.tvevr cojplier tnd 211 other
ions are regntive cxecort in Sl erse of odium where the
coefficient of corrcleticn ic peaitive, However, only in
the case of zinc is the corrclaticn significant at a
probebility ¢f; (P < 005 ). The reletionship
betwecn copper erd zine g ghom ir Pig. 24, The
cocfficient of correlatior, R, is -C.7 spproximately and

the equation relating thesa tve ioms in the goet skin is :-

Copper = (,0C78 ={0.0874 x Zire)

Between thc otrer ione (prired up) the correlntion

is positive so thet s~s ore inerceasce, the othor increases
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Correlaticr cieficients betweer pairs of Mineral
elenents in Goot szhkin.
; Ca Ne ) | i Zn Fe Cu
i o 2
; |
ca 0.4614  0.2585 0.4819 C.7528% 0.6237 -0.0502
Na 0.4614 c.ncth’ c.o688" 0.6947  0.7581 C©.4928
K 0.2585 ©,8060 0.0T88" 0.4163  ©.5787 -0,3408
Mg 0.481¢ 0.8688" o.ofB& o.71127% 06.725T -0.5357
Zn 0.7525" 0.6947 C.416% C.7127 0.58%35 -0.6897
Fe 0.6237 0.7581° 0.5737 c.7221° 0.5875 ~C.3626
Qi = 5020 0.4926 =0,5408 =0.5357 -C.6897 =0,3626
Deiroecg 1 o £ 8
% 20.0 0.632
*  P0,02 : s
*#%  T0G.01 = C.7605
*#xee 10,001 0.872
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as well., In the ensc of co;per rvd zine, one inaresscs as
the other decrensis. Those nairs of iors nerked with
asterisk (*) ir Teblc .15 2re $hos¢ corrclntcd at
significent lovels vioc tie corpcldrticor botween these pairs

are shown i $h: olctes ¢ (220, 25 = 29

de Distribution eu 97" tte inzcvel cleorte in GCort Skin.

Fror th. sur toterl ¢ th. »wsvlts of enslysie done on
the goat =kin, = Cist=ibution wp (Fig. 30) of the
minerael zlerupts fournd ir it Lcs belr wrewn. Fig. 30
shows the regions ir which th kighest (indicated by the
nunber 1) erc the lovest (incicatud by the munmber 2) levels
(or comeuntratior) of (- eh ciz:i.mt may be found ir the goat
skin, Gencrally specizir, hewever, the wwineral cloments
are to some cxtort found throvghcut the goet skin. The
distribution of some of the elerents in the gort skin i
quite uncven. The hincur regiorns end the extreritics have
higher concentrationeg thnn the forc ¢:d contrzl parts,

The velues obtelirec gncw wice Jrigtiors ir the individual
nineral ior content ir tive veriocug recions of the skin,
These variatione 2r clesvly 54.7 in +he bar chorts of

Figs. 13 to 21 .« Th. veluus usc cr plottirg these
charts erec drewrn 1ror Tehle £.14% which valucs were obtained
from computatiore “taod or v irdividucl sanmple velues

end not on nerms &g ir Trble S.14n, The stanCard crror is
represented by the vertionl line cdrewn through the mid-

point of thc ftopr of crch ber,

These charts show clenrly thet ealciunm is most

abundant ir the posterior shanr, tail ond remmary aregs



106
of the skin while it iz loest atuncent in the front butte.
The difference in lovels of thic clerent in the other
regions is not mch, 8odiumn hee it's pcak also in the
posterior shenk: Th. art rior shrvwk src tail rank ncxt
while it's lovel ir the olh.» rogione cocg rot vory much,
Potessiun is sbtuncrrt in to. t-il, bnck-tone, anterior
shank, postcricr shenlt axcC 'wrinry sarces while luss so in
the other regions. [egnesziun is ctundert in the shanks
and ¢ail whilce the ot cr ruiong gecr te have relatively
the samc lcvel of th leents The %ince level is highest
in the beck-borc which coriains (azpart from the tail)
longer hair than the othur regionse The neck, chest, belly
and teil have nerrly the some lovel of zine, The level of
zinc in thc shanks lice betweer thet in the back-bone and
thet in the cheagt, meck, bo ly and teil, The level of
iron in the Posterior schsrl: is the higuest. The verietion
in luvel in the othoer rogione 3 udininel, The level of
copper ir tho reck ent onmsary cres is The sarnge while there
is a high dacgrece of voristicor ir level in the cther
regions of th:e skin. 7h .ccpror lovel in tke shonk gkin
is the highegt. Ap-oir 1. sh-rk cMin hoe more nickel than
the othor rogiong vhile th. marmeay arts cont~ins the least.
Nickel levcls ar. thigc 1vwo ~giors 12 morkedly far apart,
The tail, Btt, bock-bone erd portericr ghenk heve cabalt
levels that erc relntivily bigher thor mey be found in
othar regions of the ckir, Relstivcly speaking ccbalt

levels in the other regions do net seem to vary much,
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CHAPTER PIVE

5.0,0 DISCUSSICH

5¢1.0 General

o It is ncte worths thet, generally spesking, the
Guinea Savannah geats of Northern Nigeria are light
to dark brown in colour. Occasionnlly dark coloured
breeds may be fournn amengst these goats and these
breeds may have been brought into the Guinea
Savannah from other areas of the country or some

times from neighbcuring Niger Republic.

The brovwun colour of the goats may be adaptive in
the senge that it matches ¥the brownish Savannah soil
and the brownish dry seascn vegetation of their
environment. Farthermore, the goats are not quickly
seen particularly when they move around the ;Drown mud
walls of ats in the villages where they sore reared,
Thus, they easily escape notice when they constitute
themselves into @ manfce %o human foot items such as
grains and other farm produce that come within their

reach,

In general out look the Guinea Savannah goats méy
be described as 'slender' bodied and weather beaten.
They may pass for vhat Devendra and Burns (1970) descrie-
bod a8 being in the '‘niddle range' or 'class' when their
size is compared to that of goats from other 1ands?
They arc neither tall nor dwarfish. Devendra and |
Burng (1970) placed go~te of about 80-3%0cn height
(at withers) and about 40~50kg weight =zt the upper range
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eg. the beectal goats of Punjab (Irndia), while the
dwarf goats of South VWest ffrican with withers
height of atout 3C ~ 4C ecm and boay weight of

about 18 - 20 kg weighi are pleced in the small or
lower renge. The Guines Savannah goats have heights
comparzble to the Sckoto or Maradi red goets which
Devendre and Burns (1970) put at 62-67 cm (at
withers) and body weights of 23 - 28 kg. In our
work we fourd the mean body weight of the Guinea
Savannah goat to be 22.36 # 1.48 kg.

5.2.0 PHYSICAL RELATICI SHIPS
5.2.1 Relationship between bocy weigh the t
it's total length.

It is to be expectcd, 2s the results of the
present work confirm, that the weight of an
animal will increzse as it's total length increases,
if other factors, such as health state, nutrition,
environmental factors, remsain constant. Galeon
(1951) in his studies of the exterral relationships
of kids of Philippine gosts reported that there
was highly significart positive correlation
between the body weight (live) 2nd the body
length, though no significant correlation was
found between the live weight and the height at
withers. Recsults cbtained from this study agree
with this finding and is confirmed again by the
findings of Tandon (1966) who reported highly

significant correlations between the logarithm of
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the body weight and the logarithm of the total

length., The mesr body weight of the Guinea
Savammah goat is 22.36 xzg ard it's average
length is 1.19 metres.

Bodv Weight versys wet weisht of whole skin,

An animal trat increeses in weight does so
when material hag becn added to it's body
structural framc work., These matcrials may be
added to the body in the form of structural
proteins, stored fat or other mutrient molecules
such ag those of minersl clements and water
(Montegne and Parakkal, 1974). For a healthy
growing animal it is logical to expect that as
the weight of the animal increases through the
normal processes of growth it's skin weight will
also incresse, Fut mey be stored 2s usual in the
hypodermis of tie skir thug increasing the weight
of the skin (Montagra e#nd Parakkal, 1974). The
live body weight of the cnimel is positively and
gignificantly correlated to the weight of the
skin at P « 0..05.u lLiternture does not indicate
that comparisons between live weight and fresh skin
weight for goats have been made in the past.

Other Physical Relationships

No significant correlations were found
between the wet skin weight and total length;
between the body weight and average horn length;

between the total lengtk and average horn length,
The relationships established between the above
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pairs of parameters were pcgitive but not

significant.

Jhe Moisture Content of the Goat Skin

The moisture convent of the goat skin
measured as a percertope of the fresh skin weight
rangee be’ween 554 and 68%, The average (mean)
mois’ure con’ent i3 63.47% * 1.07% (moisture
content here includes the volatile material of the
skin since a’ *the drying temperature of 102 - 2°c
used in the experiment volatile substances and
fats ere oxidized (SLC - 1966). The range for
moisture content of medium sized skins of animals
such as sheep, goets, baboons, etc. from many
lends i8 given as 60 - 70% and the mean is generally
accepted as 644 approximetely (SLC 1965). This
Mean is approximately the same as thet obtained
for the Gninca Savannch geats of Zaria area in
this investigation. This mern value approaches
the moisturc content value given for the eel with
a moirture renge of A5 - 585 (8pector, 1956).
The moisture conten’ range of values for the skin
of an adul’ mer is given az 70 -- 75¢ (fet - free
tissue) (Srector, 1356). Tencous (1955) obtained a
moisture content of €3% for fresh bide wien he
usged solvent extraction method for it's
determination. 1In the method, he used benzene asg
the solvent and the extraction was done in
soxhlet flasks. The result obtained by this worker

for hide is cloce to that obtained for the
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goat skin (Tab'c 4,9)nrker (1964) in his book

"Theory and Practice ¢f ILeether Manufacture"
approximates moisture content to 65¢ in animal
skinsg - this pcrcentage of course being dependent
on species, age, scx, fecd, and feeding habits and
other hahite of the arinsl,

Result obtained from the experiment on the
goat skin ghow that the moisture content is not
uniform throughout the skir as may be 3limpsed
from the values recorded in Teble 4,6. The
variation ranges between 57.26% for the tail region

and 67.44% for the mamrary erea.

This varistion in moisture content of the
different areas of the gkin may be explained by the
structural variation that exists in the various
regions of the skin. From work done in the
Centrel Lenther Reserrch Irstitute in Madras, India,
and recorded in the 1973 monogreph (Fart I) of
"Indian Fides and Skins Histological characteristics"
(Nayjadama. 1963), the structural differences found

for the Indiean goet skirsc 2re as ghown in Table 5,1,

The Monograph indicetzs thet the epidermis
covers approsimately 1.0x to 2.6% of the total
thickness of the skin and "is rcletively thicker at
the neck and back-bore, Haire are not equally
numerous in all locations of the gozt skin, _____"

(Neyndama, 1963}, The grain leyer usually
occupies approximately 249 to 54% of the total
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TATLSE 5.1
Grain layer thiclress and hair rnumbers of Adifferent

regions of the goat skin

funter of weirs Grady layer thickness

drea of Skin N 2 as percentage of total
. per cm skin thickness
Butt _ 9,500 24 - 40%
Back-bons S,000 26 - 4%
Neck ' 7,500 _ 32 - 544

Bolly 6,000 - 21 - 4%
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thicknesg of the skin. f dense net—work of elastic

fibres covers two-thirds of it's grain layer and
relatively greater amount are present in the neck
and back-pone regions. 4 considerable amount of
elagt N s found turoughout the coriun. The
corium proper occuplies approxivestely 45 - 759 of
the total Shickness whilc the subcutanecus adipoge
layer (or f.esh. covers roughly 1.0 to 2.0% of the
total thickness (layudams, 1963).

It is to be expected thet 1le less dense the
net-work of elastic “igsues in any area within the
skin, the more water that area should be able to
hold since the fibrous materisls of the gkin do

not abgorb water, as they are water repellent. This
fact ig alsco bourne ocut by the results of the
experiment (gee +tables 4.5 snd 4.8) in which it was
observed that ag the moligturc conternt of the gkin
inecreased, the »rganic conitent decreased. It is
not surprisirg then thrt the mammary area, with
the leas®t ~ompach rech of fibrous tisgucs, should
contain the highost percentose of noilsture whils
the wail regimm with the densest mesh of the
fibrowus tigsucs cortuaine the lowest percentage of
moighturce. Qther arces ¢f the glin seen to follow

this trend.

Strandine, ot a1 (1951) fourd that in fresh
hide moisture woas pregent in greater guantity in
the hair follicle region than ¢lgewhere. It is

algso known that gozt siins are covered with two
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types of hair - the ghort ond the long varietics.
The short variety ic moie numerous er cquare
certimetre thon the long variety, Trel-tively
speaking (Zurns, 1¢35)., The short varicty covers
the mammary arce vhile the lorg variety covers the
tail arca. It ie trerofor: tc be cxpected that the
marmary arez #ill heve 21 largoer mnumber of hair
folliecles end acnce o high.r percentage of moisture
in it's follicular region then the tail region
will have.

5.4.0 The 4sh Content end the (rgaric latter Content

of the Gecat Skin.
The handbook of Biologicel Lata (Spector, 1956)

gives the percentage ash content for fregh rabbit
gkin as 0.72%, whilc that obteined for the Guinea
Savannah goat skin in the presert investigation is
1.71% (¥ 0.11), a value morc thar double thet
obtaincd for the rebdit  The serc Yata book gives
the ash conternt for fot-free human sikin as renging
between 1.4 - 2.65 (dry weight besisg). If this
range of valuus was buscd o non-fat-free figures
then & higher renge of volucs would have been
obtained depending on the quantity of fat

present in the huren skinsg investigated. On dry
weight basis thc¢ ash ceontent value obtainea for the
goat skin ir this experincnt has o ragge of 3,53 -
6.45% and mean of 4.68 ¥ 0,32%,
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The Crganic matter present ir the goat skin
as obtained fron thie cvxporiment has 2 range of
3026 - 41,49 (wet weight bagisg) and 23,55
- 96,635 (dry weight bnsis) with rcspective wet
and dry weight ocone of 7%4.82F anC 95,329
Serkar (1964) in hias boolz, "Theory and practice of
Leather Hanufcceturc" records the orgenic matter
percentage ccompegiticn of hides 2nd skins in terms
of the protein anéd ot content es 33y (Proteins)
and 2 - 105’ (fat - for goet skins). These figures
are comperable to those obtained in the present

investigetion,

5.5.0 The Mineral element Compogiticr of the Goat Skin

Pron results obteincd from the present

experiment an ash weight of 1,71 g obtained from
100 g of goet skir geve a tctal of 0.45 g of the

mineral eler.rts investisotod (Table 4,11)

Whin these figures nroe ceosprred with those
obtained by other workers fron similar snalyses
done on stecr, cow #nd bull sking (hides), scme
gimilarities and diffcrences in mineral element
composition stend cut clcerly. In interesting
fact is the case of sodiunm ard Potassium ions.
Carruthers and Suntzcff (1943) working on human and
mouse sking found that the predoninant cation was
potassiun and that the sodiun content of these skins

was half the potassiur velue. From tables of
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published values of “dineral element composition of
anipal bodics by widdowsen (1¢50), ard other
workers (Spuctor (ed) 1956) new born mammals (at
birth in man, pig ond lahcrrtory arimals studied)
have ruch lrpger onourts of godium than potassiunm
but accordirgs to thuge «crkers the condition reverses
ag the arimnls grow up into adults. From the
findings of these scusrote workers it is logical to
conclude thot at different levels of maturity of
these mmmmalg the Potrssiun -~ zodiun retio in the
various tissucs of the boecdy will vary. Interestingly
the result of the present c¢xperiment shows that the
skin of the Migerian Guinca Savannah goats have
8odiun e the predorminent cation while peotassium
(if mean values of the mineral iong are considered
- see teble 4.1:! ) is about half tie =dium value,
The sodium ion value hag = wider range than the
potagsium ion, showing 2 wider variacbility than the

Potassium cation in the scat zitdin,

Mcleughlin and Theis (1924) who did the
earliest work on mincrsl constituentr of the skin
used steer, cow and bull skins for their
investigations. They reported on differences in
mineral constituent of the¢ skin and showed that
age had some inTluence on the minerzl content of
the skin, The work cof seversl other investigators
on the Mineral constituents of skin - mainly man

and some laboratory animels - were reviewed by
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Rothmen (1954) ir "Physclogy ard Biochemistry of
Skin", Typical fisures drawn from the recorded
valucg in hin revicv arc reproduced in Teble
compared with valucs obtaired from the present
experiment (see Tablc 5.3). The value range for
potassiun is higher thar thot obtained in the
present experiment. The renge of valuees recorded
for sodium is cpprroxirmctely the same ss that
obtained in the present cxperiment, The same thing
can be said of calecium 2nd magnesium while values
of copprer, zinc and irorn are higher for the geat

gking than those recordcd by Rothman (1954).

According to urderwood (1966) an adult T70-kg
man is estimeated to have 1.4-2.3g zine in the whole
body. Pories, et a2l (1967) estimated thet 20% of
the total zinc contert in tht body of an adult man
resides in th: skir. Thic will mean thet 0.28-0.46g
zinc is to be found in the entire skin of an adult
man. An rdult goet of the Guinca Savannah
vegetative zonc of Northern Nigeria, from the
present experimcntal work, hns becen founc to have
0.17 = 0.49 g of zinc irn the entire skin (see
teble 4.12). This rirge is very closc to the

range of vaduescf zire content ir men's skin.

The valucv rance obtzined for fat-free skin of
adult man bascd on the cry weight of the skin is
given as 3-19mg Copper/100g skin (Spector, 1956).
This is the same as C.003 - 0.019 g Copper /100g

skin. On wet basis this figure will be quite lcwer
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The renge of velues Lfor copper obtoined ir the
present work for gort skin is given ag 0.0Q14 -
0,0118 g copper/10Cg skir (wet weight).  Fat-free
gkin of man hes » moisture cortent of betwocn
TO-T5% (Spector 1656), Thus, the copper value
(om wet weight basis) will now bLecone 0.00%-0.019g
copper/17C or 175 skin, Using 704 as the
percentnge wator content c¢f the human skin the
range of values for copper content of the humsn
skin will then be 0.CC18 - 0.011 g copper/100g skin
(wet welight), This range of values for copper in
huran skin will be lower if the caiculations ware
besed on non-fat-free skin. Since the values
obtained for the gort skin is nearly the same ronge
as that calculnted for the fot-free human skin, it
follows thet for the non-fat-~free man's skin, the
copper content is lower than the copper content of -
non~fat-free gont skin,

Matrone (1962) reportec thht there is marked
réeiproenl zire ~ copper ontogonisn in the animel
body s0 thot the incerorge in the quantity of one
results in reductior in +the activity of theo other.
This will mean thet there is & roatic for optimum
activity existing for these metal ions (zine znd
copper) in an animal, But whether such a ratio
exists for the skin, a8 computed for the goat skin
in the present work, needs to be invegtigated,

From our regulté the Zinc: Copper retico wos
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conputed ns shown below ;-

Zire = C.010
Copper 0,006
= 0.020

0007

Thus, cur results incdicate thet the Zinc : Copper

ratio is 3 : 1 ir the Zorin gont skin,

Velucs obtained fron the prescn£ vorX indicate
that eobnlt ond niclkel wre present in higher
concentroetions in the Zerin goat skin than copper.
The ratio of nickel to cobalt in the goat skin is

approxivately 2:1 as computed below ;-

Nickel = 0.028
Cobnlt ' L0127
= 0,028
C.C13
= 2
T +o0 the nearest whole

nattbor

The nickel icp (from the yresent study) is also
higher than Zirc =nd suprisingly slightly higher
then Mognegiur ion levels in the goat skin., It is
known thon Nickel occurs in low concentraticns in
all animel tigsues and fluics thet have becn
exanined by sufficientl; sensitive and reliable
analyticol nethods (ndervood, 197?),neither does
the ion accumilate particulerly in any known tissue
or organ of the animnl bcly (Underwood, 1977).
Nickel levels of waghed fot-free hoir of 25 women

and 79 men were found tc¢ rverage 3,9 X 1,055 and
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C.97 T 0.147 ug/g Nickel respectively tSchroeder
and Nason, 196¢). This comcintration ¢f Nickel in
grens per 10Cg hedr will be 0.039% T 0.0106 and
0.0097 % 0.00?5 /100 n=ir respectively for the.
woren ent. ren. The level of Miekel cobteined for
the gort gkir in thy presont etudy is a meen of
0,028 £ 0,009 5/10Cg skin and thic evoerege stands
betweon the velue cbtaired Lor the women and the
value obtaoined for men by schroeder snd Nason

(1969) .

Though Mognesiun is 2 mncroelement, being
required in relatively lurie cmounts s compared
to the trace ¢lomurto. yob it's level in  the goat skin
ig slightly,lower then tihic Niekel level in the
gsame skin (Table 5.2k. Toad, (1969) states thot
T0% of the tetel body Hagnesiur is present in the
skeleton, The other 30, ig distributed in tigsuecs

and flduds whoere it perforrs (ifferent functionsg.

It i® known $het mogt of the mirwrsl ecluments
present in the hedr rre logt tc the animal o8 these
cammot be utilized ngrir in the metabolic procoesses
of the bedy. Perhnps the hoair of the skin may
serve ns a'durping ground! for unwanted clements
and if so it will be cxpoeted thet the hair will
contain higher levels of the unwanted or excess
mineral clerments than these elements more
constantly needed in the normal processes in the

animal body.
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T‘f:‘ .BIJ.E 5 - 2

Mean velucs of the winersl eluremts (in grams) present

in the Guinese Savannrh gont skin.

Mean Iondce Ron
Elumugt Co?;?nt. (e
Czlciunm c.0516 0.0% - (.09
Sodium C.1516 0.07 « 0,30
Potagsium 0.0884 0.03 -~ 0.22
Magnesium 0.,0200 ' (.01 - 0.04
Zinc 0.0197 0.01 = .03
Iron C.Q713 0.02 - 0.12
Copper 0.,0068 ¢.,001- 0,012
Nieckel c.0283 _ 0'01., ~ 0,043
Cobalt Q.0t27 0,006~ 0.02
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TABLE 5.7
Comparisen ¢f velues Tor Firerel ion content of the Guinea

Savarnah Goat Skir with tvpical values obtained by various

workers and reviewed by Rotiwun (1054)

Fercentaee Velue Typical values
Mirierel ion in Guines for the skin in
Savernah Goat skin  general (Rothman,
1654 )

Potassium | C.C3 -~ C.22 G.322 - 0,558
godium C.07 ~ 030 0,122 - 0,247
Calcium C.0% - 0,00 C.015 - 0,065
Magnesium C.0f - C.C4 2.018 « C.03%4
Copper | 0.001— 0.C12 0,00056
Zine " 0.005- 0.0% ¢.0024

Iron C.G2 -« 012 ¢.0010




147
5.6.0 Distribution of t'ic !inersl clements ir the goat skin

From the resulic of the present investigetion
the fect clearly smerges thet the nineral elements are
not evenly distributad throusnhcut the skin. A glance
at Table 4,13 clesrly ~everle thie feet, When measured
in terms of weight c¢7 .2 =mircral clemerts present in
1C grams of skin teken Iroim the different regions of
the goat skin, it is secr thnt the butt region has the
greatest amount of mineral elements (C.0125 g/10g skin)
while the belly regior hes the leest (0.0026 g/10g skin).
Varietions in concertration (or quantity) exist in the
animal skin. This is cxpectec to be so since there are
structural variationg torocughout the skin. This .
finding is contirmed by tlhe work of Tanccous (1955) on
steer and cow hide irom which it was shown thet there
is variation in the chericel composition of hides and

skins from region to region,

Thus, figures given in the Monograprh -" Indian
Hides and Skins - listolcgical chorocteristics"
(Nayudama, 1563), for the heir denazity of the skin show
that thc Butt has the i, hest hroir density (9,500
heirs per 6.45 om? of skin), the back-bone has the
next highest witk a2 hair density of ¢,00 hairs per

6.45 cm2, the ncck hes 7,500 hairs per 6.45 cm2,

while the belly has 6,0C0 hairs per 6.45 cm®. Infact
the nincral ccontent valuce for the repions whose

hair densities are givern “ollowe the same order of
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magnitude as the hoir densitics. The butt has a
total metol ion cortent of 0.0125 g/10g skin, the
back=bene hes 0.0051 g/1C: siin, the leck has
0,00%2 g/1Cg slrin whils the belly has 06,0026 g/10g
skin.

Sirce hoir conteins zoue of the inctal ions
of thc gkin, then neir length is ealso an important
determining factor in the cistribution of mineral
elemcnts in thce skin. The longer the hair the
more mineral clerents arc tc be expected. However,
evidence from litersturc shows that scme elements
are norc abundant in the heir then in the skin
proper eg. Zinc (Follis, 1958) while cone are
reletively acr. scbundant in the skir preoper than in

the hair o¢;;. Megrnesiun ond cvlchn:ﬁhrcous, 1955) ,

Mnother importoent Jacteor thot affocts the
distribution of the ninercl ploments in the skin is
the protein structure., 1t ZIs known that copper ions
are irveolvcd ir th. cross-linkiges of the collagen
fibres (Rucker, -t =1, 19¢9) making for increased
tear strength cf these protein siructures, 1t is
expected ther tore tiot copper ions will be more
abundant in thet part oi th. skin that has greeter
tear strength thaxn the port that hasg lower tear
strength, 1l cther» factors being cqual.

A fourth fector ir the cistributiorn of

minerel cloments ir the oot skin is the type(s)
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of associated nincral Jlermente present. Since,

for instance, it io kaown that the presence of

Zinc ions nodifics tho setivity of copper ions anmd
vice versa (Hill nrd Metreone, 192) tacn the
presence of (rnc will wpedify the quentity of the cther

e

taken up in the skin.

570 The Inter-relotionships between the metal ions;and

betwecr the metel icnsg and c¢ther ncasures.

Results fron the prcaent investigation have so
far revesled that the ninerel in ccntent of the
gskin hes & nmeasure ¢f rcletionship with the total
length of the 2nimsl, ‘s the totorl length increases
the mineral ion content (though not necessarily the
congentration) alsc incrcases., Thie should be so
since increrse in length implies incresse in skin
size and thurefcre incresse in the mineral ion

content of the skin.

It wes also fowic thet the zinc ion level in
the skin is nugetively correlatec with the moisture
content of the skin. The level of correlation is
quite low but neverthless an interesting fact
emerges - the fact thit such corrclation
corroborates the fintinge of Hsu and Anthony (1974)
that “Ythe water content ¢f the skin of zinc -
deficient ret was significantly higher than thet

of zinc - supplemented prir-fel controld'.

The coefficiente of correlation between copper

andéd 011 other tdneral clements of the skin are
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negative exccpt in the cese cf gocium iong where
the ecccfficient cf correlaticn is positive.

The corrclaticn betweon Zirce nnd copper ig negative
an¢ the relationship betweon the tvo icns is such
that as onc ircrensecs the cther duecreoses, This
relationghip confcrme with the findings of Hill

and Matrone (1962) <n zine =rd copper ions. They
reported thet therc is mrrked recipreoenl zince
—-copper antagonism ir the snimal body,., This finding
sccms to hold truc fcr the fresh goat skin though
mor¢ work needs tc be donc here in order to

verify the statement.

The distributiur rrp ¢f the mineral elenents
in the skin reveals thot mest of the e€lenents are
found in the hishest zbwiiiznce in the extremities
of the skin, The skin ccrurirg the dorso-posterior
parts of thce [ oat contnirs nore ccbelt than that
portion coverings the cnteroventrel perts. Iron
seems tc be st evenly Jistributec heving only
8light variaticns ot Lhe _ifferent regicrs. Nickel
levels are low in the ertericr parts and high in
the pestericr, Corper varics througshout the skin,
It's levels ir the neck nnd ranmery arce are
approxiretely the sarc. The cheet 2nd butt regions
(includins the front-butt) arc only slightly different
in levels between then., There are marked
variations in level betweer other regions. The
8hank skins and teil heve nearly the sape levels of

magnesiun anc the levels hwre ore higher than those
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of all the other regicrs. The cther regions have
unifern digtritution of the Magnesiun ions. 2Zine
levele in the beck-bcne ¢nd ghars =2rv higher than
in the other rcgicns whilec the mrawary area and
the butte heve the Icwest levels of zire., CGeleium
levels in the rermmry oren, Posterior shenk and
tail werc found tc be relirtively higher than in
the other rvgions wherc ornly slight variations
exist. Sodiun levels in the shanks and tail
differ from the lovel of sodium in the other parts
which parteagnin shovw scme evenness in distribution
of the ion. The level cf Petassiun ions is
relatively lcw in the lateral and ventrel parts
of the skin c¢f the gent.

5.8.0 Bvalugtion of ihe xutriticnal ouality ¢f the zoat

gkin in terms cf the rdncrel clemnent compesiticne,

If the cntire geat skin of 1.40 kg wet weight
is édrief to clininate the noisture centained in it
the weight ¢f the drica skin will conme dewn to

0.896 kge

A Ary geot skin we:ghing 896" when eut up and
ground tc powder will centein 2 total nineral
element weighd of €,.22¢. This weight of mineral
c¢lements will be made up of C.72 g Calciun,

2.12 g socdiun, 1,25 g Totagsium, 0.28 g Magnesiun,
0.27 g 2inc, 0.97 g Irwn, 0.0 g Ccpper, 0.38 g
Ndckel and 0.17 g Ccbalt., If 20 gm weight of the

ground skin is takon, then this will contain
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0.016 ¢ Coleiun, 0.C47 g Scdiunm, 0,028 Fotassiun,
0.006 g Mepgmosivm, 0.006 g Bine, 0.022 g Irenm,
0.002 ¢ Copper, B,00¢ p Mickel ond C.004 g Cobalt.
Suypeese this 20 gn. welght of dry skin containing
the above amountg of nineral elercnts is added to
the daily rrtion of an ariml thet feods cn 80 g
ct feed stuff, ther the totel daily ration of the
animnl will weigh 100s. I we gsuppese further
that the original 80 g retion of the snimal
contained nc mineral glenent, then the addition
of the ground geat skir will supply the mineral
elements listed above, The ccncecentraticn of the
mincral elements in the feod stufl in p.p.u. (parts

per mwillien) will then be as followa -

nlciun - 160 ppn
Socium - 470 ppn
Hotassiun - 280 ppm
Magnoesiun - 60 ppn
Zinc - 60 ppn
Ircn - 220 ppn
Copper - 20 ppn
Nickel - 9C pru
Cobalt - 4C ppmn

According to Millecr and Miller, (1960) the zinc
roguirencnt for normal growth in cealves lies
between 3 and 46 ppr, Therceifore, a feuwd staff of
100g containing 20g «(ried ground skin will be xOre.
than sufficient to provide the zine neccssary for

norrmal growth in the cali 3ince ruch food will
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contain 60 ppr zinc. Millc and Murray (1960) showed that
4 - 6ppn ccoper, on (ry basiggwith relatively low
nolybdenuz and incrgerie sulpkateyprovides
gufficicnt copper for full requircents cf cattle
an sheep of Fritich bruced nrd crcegs=breed,
Thercfcre, a fced menl of 100g containing 20 gn
weight ground Cricl skin will again . provide the
full nutriticn-1l requirements fcr ccopper in the
British cattlc anc sheep since, accerding to our
computaticrs ebove, such & feed stuff will contain
20 ppm copper. Neccgsary ac justments cculd be made
in the feed staff - dricd skin ratic to brirng down
the copper levzl in the Teed stuff sc thet toxie
dietery levels of the cloement will nit be present
in the feed.

Studies by Motrone ¢t al (1657) showed that
the minirur ircn rcguirement for growth in calves
is nct mere ther 3C ng/doy. This quentity of iron

can be cbtained Zrom 27.7 g sround dried goat skine.

Reports fror Yow Zetlane anc pustralia sghow
that C.07 ppr Cobalt in the cry ¢ict is quite
adequete fcr sheep and cattle ond this figure has
been accepted neg the winimim cptimel requirenent
fcr these anirmals whilc rucent evidence indicates
that the anount requirced by lambs is at least
0.10 ppm (increws, et cl, 1958). This amount of
Cobalt iome is readily obtairable frem 2 gn weight
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ground drie¢ zcat skin.

Mitehcll (1947) frerm hiz work on chick and calf
gave the normel Megresiur requiremcnt for the two
anigals &8 C.04% and 0,07% ¢f the dry diet
respectively. Millcr et al (1965) placed that for
beby pigs fed cn n purizicd diet at 0,0325¢ (cr
325 ppm). Blaxter an? Mc 2ill (1956) reported that
pastures or raticrs corteinin: nct lees than C.07%
(Megnesium) cf the Ory ratiun sustained sheep and
cattle for normnl grcwth while about 0.1
Magnesium was adequatd Jcr the minirum needs of
lactating ewes and Ccws., In this ease grcund
dried goot skin could be used tc supplement the
magnegium ions present an the feed stuff of the

animal,

The Cerndttee en arimel Iutritiin of the
Neticnel dcademy of Seicncesyacccording to their
published report of 1945 (n the rutriticnal
requirements ¢f gheup, hag rccormenced that forage
(or feed stuff) cortainir; 0.24 tc 0.32 percent
celecium is ecrgidered aluauntc for sheep (Pope 1945),
Meyer, ct 2l (1¢50) fe. weaner pips orn purified
diets cxtrercly lew in scdivm, Potassium s2nd
chlerine ars fron their werk found thot the dry
diet for these animals should ecntain not less than
0.08 to 0.10¥ scdiur, 0,23 tc 2.28;, potassium and
012 tc 0413 chlorinc. It is clear then from

these fincings that grrund dricd geet skin can be
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used as a2 food supplement to supply some of the

calcium, sodium and potassium needed by enimals.

Men does not usually consume the hair of the
goat skin. In Nigeria the practice before consuming
the goat meat is tc sleughter the animal, drain the
blooéd anc burn off the hair, anc then cook, fry or
roast the entirc arimal carcass or parts therecf before
consumptior without flayings the skin, Ir the Moslem
Forth of Nigeria the practice is to flay the goat after
slaughter sc that the skin is not usually eaten « Cow
skins (Hices) however are normally boiled, stewed and
eaten here as a special delicacy. In removing the
hair of the animal much c¢f the mineral ions present is
lost but a good quantity of the elements is still

consumed when the skin proper is eaten.

5.9.0.The Hair of Goat Skins as ¥ccd Supplement.

Some goats such zs the ingoran, Soviet Mohair

and Philippine goats, are brod mainly for their hair
or wool (Vevendre and Burns, 1970). The hair or wool
obtained from these gonts is normally utilized in the
Fabrics Industries for the manufacture of clothing,
carpets, Upholstery, ete. The hair or wool thus

becomes a scurce cf economic carning.

Large quantities of thc heir of onimal skins are
however wastcd, especially in the Leather Industries
during the Beam housc operaiions when the skins are
unhaired before being processed into leather,

The hair removed from the sking is often unwanted and
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discarded &s an industrial weste thus, not only being
wested but =2lso inereasing the disposel problem and
concomitant horlth hnrzord thot these industrial
wastes often constitute., Hides ané rkins shavings
congisting of the epidermrl loyers nre usually lost
with the skine as thase arc net normally required
during the menmufacturs of ordincry leather (without
hair). Lerge quantities of human hair are also
wasted in barbers shcops aftcr hair shaves, These
hairs are biological materirls thnt contain valuable
materials that can bc utilized in the face of the
present world food and eccnonmic crises for reducing

human suffering by corversion inte usable itens.

Though hair has little or no food valuc in terms
of it's protein, fat, =2nd carbohydrate composition,
yet it contains appreciable guantities of very import-
ant tracec elerents such as zine (Tancous, 1955),
Copper (Sendell and Omishi, 1944), Nickel (Schroeder
and Nason, 1969), iron (Underwood, 1977), as also
shown fronm the results of the present studies. The
heir primarily consists ¢f compactly cemented
keratinized cells produced by follicles (Montagna
and Parakkal, 1974), The shaft of the heir consists
of an outcer laycr of one cell thick cuticle that is
enveloped by a thin leyer of lipid and carbohydrate;
a middle medulla of one or twe cell layers thick
congisting of medullery preteins which on analysis

reveals the presencce of ». low concentration of
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cystinc and & high corcentretion of glutamic acid

and glutaminc, and » smell zneent of citrulline
(Black=burn, 1948), (Tnhc redullary vprotcins,according
to Blackburn (1948), are hipuly resistant to

chemical and enzgynic trertront but eon be solubilized
after reductior or cxidatien); an inner cortex that
makes up 85 -~ 903 o1 wocl snd hair, consisting of
elongated cells thet conicir kerntinous proteins
which, according tc Crewthor, ot 2l (1965), resist
action by proteclytic enzgymes, and &rc insolublec
unless after scvering the disulfide bondg sither by
reduction to cbtein proteing called kerateincs or

by oxidation tc obtain proteins celled keratoses
(Godderd and Micheelis, 1935), Gillespie (1960)
writes that in addation to the a&beve proteins, crude
preparations ¢f low = gulphur groteins obtaincd from
reduced wool contain srall arcunts of a2 protein rich
in glycine and tyrosine and that thig protein
accounts for 2 to 3¢ ci the wool fibrc and is
extrenely heterogenous, Citrulline, which is a
derivative of grgirine, ig prcscent in the filaments
of the inner rcot ¢f the sheath of the hair (Montagna
and Parakkal, 1974).

Fron the foregoing, it is cleer that the food
value of the hair in terr of the proteins, fats,
and carbohydretes that car be digested and
asginilated through the normel digestive process in
man and other aninmals is almost nil. However, by

the reduction and oxidation processes menticned, it
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ig possible to cxtraet these nutricnt noteriels and
compound them into concentretes thrt may be used as
food supplenents &ithor for twen cr hig domestic
animals, in edditicor to fhe cesentinl mdingrsl
elements which the hair contairs. It is possible'
toc to extract some gquantitice of the nmineral
elomcnts by a sinplc process ¢f incineration in an
cnclosed containery and extraction with water, This
water extroct can be added te the drinking water of
livestock to supply the recessary mineral clenments

to prevent nireral delicicency disczses in the anipals.:

In trying to combat the present food and .
econonice criges of the world today e¢fforts, through
the co-ordinate¢d actiorn of the world Food Committee
(1974) and the Poold and Agricultural Organisation of
the United Naticon, are now gesred towards higher
food production, even fronm Inndvsirinl wastes
(Btrch, et a 1, 1976)., "o this end, scientists are
working towards devising new procesges for
conversion of hithertc unused wogtes into food and
other useful matorialg, LAlrcoady caprbohydrates
(sugars) arc being monufactured frorm vaste papers

(Birch, =t al, 1976).



e

3e

5.

6.

Te

SUMMNLZRY

An average Guinces 3Javeanneh goat in Nigeriso has
a live welght of 22.26 kg, o total length (from
snout to tip of tail) «f 1419 m, & chest girth of

0.25 m and a fresh skin wuight of 1.47 kg,

The body weight of the gost increasces as the total

length increses.

The weight o the skin increasesag the boly weight

increages.

A reasure of corrvclation oxiste between the wet skin
weight and totel length; botwoeen the live weight of
body and horn lengthy =nd between the average horn
length and total lergth of the aniwal: as onc

inereases the other salso increases.

The neigture content of the average Guinea Savannah
goat skin is 63.474 The acisture content varies
from ¢cne part of each bileteral half to another

part of the same hali.

The totel ash of the wet slkin is 1.71% and on Lry
weight basis the nean ash cintent ig 4,.68%. The
organic rmatter content on wet bagis lies between
30.26% and 41.49% with a mean of 34,82¢% while on
dry basis it lies between 83,55 and 96.47% with a

mean of 95.32%,

The avernge goat skin in the Guinez Savannah
region of Wigeria has a total mineral ion content

of ;-
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M
(0.C0278 + 2238)Y of the weight of the live

gont, where ¥ is the total weight(g) of all other
mineral icne pregent in the skin (those ions not
investigzated in the procent study). 411 the metal
ions of tiw skin invoestigoted pul tvgether, make up
0.00278% of the tetal live welght of the goat. The

individual percentagcs are ag shown below

Calciumn = 0.0003%2 %
Sodiun = 0.00095 ¢
Potassiun - 0.00055 %
Magnoesiun = 0.00013 4
Zinc = 0.C0012 ¢
Iron = 0.00043 %
Copper = 0.00004 ¢
Nickel = 0.00017 &
Cobalt = 0.00008 o9

Zinc is negatively correlated with the noisture
conbent and with the ccopper level cf the goast skin,
As water content increases, the zince level decreascs
and vice vorsa. As the zinc level increases the
copper level deercases and vice versa. Other metal

ions investigatud relate pegitively to ome another.

The mineral c¢le.wnts inveetigated are not evenly
distributed throughout the skin, Some clements are
more abundant ir one pert of o bilateral half than

in ancther part of *the sarce half. The same rmay be
said of thc meisturc, ash and crganic contents of the

skin.
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In ternms of rineral clements the fuinecz Savannah
goat skin cen scrve =g foca supplerment tc supply
scme of the essentisrl rincrals necessary ior the

healthy cdevelepant of anirals.
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It has hithertc becn zrjued thet hides and skine are
of littlc or nc nutriticnal valuc and would be nore
profitably uscd ir the leather Industry for the manufacture
of leathur gocds sinece, it is clained, thaet men's
digestive systen is not cquiped tc hendle the ccllagen
component of the skin and make it's aminc acidg aveilable
for use to man, Ncthing hovwever is said of this material
in terms of it's mineral cleient centent as means cf
supplementing the nutriticnal requirement of the element
either in man's food or in the fcod cf enimels other than
-man, It is the conviction ¢f the present investigator
that thc goat skin and particulsarly the hair, might prove
an important scurcc cof the mineral elerenie for use in the

feed stuff of domcstic enimels.

Some goet skins eg. the Sckote red goat skins, have
been found to produce botter gquelity leathers than other
goat skins in Nigeria- The fzectcers responeible for this
have nct yet been ~slucideted., lerhaps the mineral element
composition of the geat skirs night pley an important part
in the skins quality =8 leck of thesc clenment or their
deficiency in the animel body lLiave conclusively been
associated with both skin discascs and (igeases of the
body of the animal. OCopper icng, for instance, are
important in the cross —~ linkages cf the collagen fibres.
It may turn ocut tc be thet skirs vith greater shear
strength heve a highcr lovel of copper ions than those of
weaker shear strength unccr normal health conditicns of the
animals., Further invostigaticn is pertinent and the present

vwork forms a basis .
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